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PREFACE 

One  of  the  objectives  of  the  U.S.  Air  Force  InstaUation  Restoration  Program  (IRP)  is 
to  provide  individuals  lesponsible  for  the  management  and  implementation  of  the  IRP 
with  information  to  evaluate  the  health  hazards  associated  with  actual  or  potential 
contamination  of  drinking  water  supplies.  :_T^  Hai^  G.  An]u^ng  Aerospace 
Medical  Research  Laboratory  was  request^  by  HQ  USAF/SGPA  to  develop  health 
and  environmental  information  for  each  potential  contaminant  of  drinking  water 
supplies  associated  with  USAr  installations.  This  IRP  Toxicology  Guide  consists  of 
four  volumes  which  were  initially  iuued  in  19S5-1967.  The  original  Toxicology  Guide 
was  produced  under  contract  F33615-81-D-0506  by  Arthur  D.  Little,  tnc.  for  the 
Biochemical  Toxicology  Branch,  Toxk  Hazards  Division,  Harry  G.  Armstrong 
Aerospace  Medical  Research  Laboratory  (AAMRL),  Wright-Patterson  AFB,  OH. 

The  updated  volumes  of  the  Toxicology  Guide  include  new  regulatory  requirements 
and  recently  published  toxicology  information.  The  updated  Toxicology  Guide  was 
produced  under  an  InteragetKy  Agreement  with  the  U.S.  Department  of  Energy,  Oak 
Ridge  National  Laboratory  (87-TH-0002)  for  the  Hazard  Ass^ment  Branch,  Toxic 
Hazards  Division,  AAMRL,  Wright-Patterson  AFB,  OH. 

For  each  chemical  in  the  IRP  Toxkoiogy  Guide,  the  environmental  fate,  exposure 
pathways,  toxicity,  sampling  and  analysis  methods  and  state  and  federal  regulatory 
status  are  outlined.  The  material  provided  is  intended  as  an  overview  of  key  topic 
areas;  no  attempt  was  made  to  provide  a  comprehensive  review.  Users  are 
encouraged  to  read  the  Introduction  to  Volume  1  of  the  IRP  Toxicology  Guide 
before  applying  chemical-speciHc  information.  <  - 

Candidate  chemicals  for  inclusion  in  subsequent  Toxicology  Guide  updates  should  be 
forwardjU  through  MAJCOM  bioenvironmental  engineers  to  HQ  USAF;5GPA 
Consultffit  service  for  current  toxicological  information  should  be  obtained  from  the 
USAF  fEHL/ECO,  Brooks  AFB,  TX  78235-5000. 

Substantial  effort  was  made  to  assure  that  the  information  contained  in  the 
Toxicology  Guide  was  current  and  reliable  at  the  time  of  publication.  Users  are 
encouraged  to  report  apparent  discrepancies  or  errors  to  AAMRL/THA.  Wright- 
Patterson  AFB,  OH  45433-6573.  Copies  of  this  document  are  available  from; 

National  Technical  Information  Services.  5285  Port  Royal  Road,  Springfield,  VA 
22161.  Federal  Government  agencies  and  their  contractors  registered  with  Defense 
Technical  Information  Center  should  direct  requests  for  copies  to:  Defense  Technical 
Information  Center,  Cameron  Station,  Alexandria,  VA  22314. 
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UST  OF  ABBREVIATIONS,  ACRONYMS,  TERMS  AND  SYMBOLS 


This  list  of  abbreviations,  acronyms,  terms  and  symbols  is  selected  from  the  pages 
of  the  Guide.  Words  and  phrases  defined  here  include  those  occurring  in  more  than 
one  chapter,  those  indispensable  to  undentanding  the  material  in  a  chapter  and  those 
that  may  help  clarify  some  of  the  definitions  themselves.  Net  listed  are  chemical 
synonyms  which  can  be  found  in  the  chemical  index  and  words  adequately  defined  at 
the  point  of  use. 


A 

AA 

ACGIH 
Active  metals 

ADI 

ADL 

Adenocarcinoma 


Acre 

Atomic  absorption  spectroscopy 

American  Conference  of  Governmental  Industrial  Hygienists 

This  refers  to  metals  such  as  aluminium,  calcium,  magnesium, 
potassium,  sodium,  tin,  zinc,  and  their  alloys. 

Acceptable  daily  intake 

Arthur  D.  Little,  Inc. 

A  malignant  tumor  originating  in  glandular  or  ductal  epithelium. 


Adenoma 


A  benign  growth  of  glandular  tissue. 


ae 

Aerosol 


AFOSH 
Alkali  metals 


Acid  equivalent 

A  suspension  or  dispersion  of  small  solid  or  liquid  particles  in  air 
or  gas. 

Air  Force  Occupational  Safety  and  Health  Standard 

Metals  (in  Group  lA  of  the  Periodic  Table,)  such  as  lithium, 
sodium,  potassium,  rubidium,  cesium,  and  francium.  The  alkali 
metals  react  vigorously,  at  times  violently,  with  water.  These 
metals  present  a  dangerous  fire  risk  when  in  contact  with 
moisture  or  oxidizing  materials. 
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Alkaline 

earth 

metals 

Ambient  water 

Ambient  water 
criterion 


Amines 


API 

Aquifer 


Aromatic 


atm 

ATP 

Autoignition 

temperature 


Calcium,  barium,  strontium,  and  radium  (Group  IIA  of  Periodic 
Table).  Alkaline  earth  metals  are  less  reactive  than  sodium  and 
potauium  and  have  higher  melting  and  boiling  points. 

Surface  water 

That  concentration  of  a  pollutant  in  a  navigable  water 
that,  based  upon  available  data,  will  not  result  in  adverse  impact 
on  important  aquatic  life,  or  on  consumers  of  such  aquatic  life, 
after  exposure  of  that  aquatic  life  for  periods  of  time  exceeding  % 
hours  and  continuing  at  least  through  one  reproductive  cycle;  and 
will  not  result  in  a  significant  risk  of  adverse  health  effects  in  a 
large  human  population  based  on  available  information  such  as 
mammalian  laboratory  toxicity  data,  epidemiological  studies  of 
human  occupational  exposure  duta,  or  any  other  relevant  data. 

A  class  of  organic  compounds  of  nitrogen  that  may  be  considered 
as  derived  from  ammonia  (NH,)  by  replacing  one  or  more  of  the 
hydrogen  atoms  (H)  with  straight  or  branched  hydrocarbon  (alkyl) 
groups.  All  amines  are  basic  in  nature  and  usually  combine 
readily  with  hydrochloric  or  other  strong  acids  to  form  salts. 

American  Petroleum  Institute 

An  underground,  permeable  saturated  strata  of  rock,  sand  or 
gravel  containing  ground  water. 

A  major  group  of  hydrocarbons  containing  one  or  more  rings  like 
benzene,  which  has  a  six-carbon  ring  containing  three  double 
bonds.  Most  compounds  in  this  group  are  derived  from  petroleum 
and  coal  tar  and  are  reactive  and  chemically  versatile.  The  name 
characterizes  the  strong  and  ple^ant  odor  of  most  substances  of 
this  group.  NOTE;  The  term  "aromatic"  is  often  used  in  perfume 
and  fragrance  industries  to  describe  essential  oils,  which  are  not 
aromatic  in  the  chemical  sense. 

Atmosphere  (760  Torr) 

Adenosine  triphosphate,  a  nucleotide  cofactor  important  in  many 
biological  reactions  where  energy  is  transferred. 

The  minimum  temperature  at  which  the  material  will  ignite 
without  a  spark  or  Qame  being  present  Along  with  the  flash 
point  autoignition  temperature  gives  an  i.ndication  of  relative 
flammability. 
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BCF 

Benign 

BOD 

BUN 

bw 

C 

CAA 

CAG 

Calc 

Carcinogen 
Carcinoma 
CAS  REG 

cc 

CERCLA 

CFR 

CL 

cm 

Chemically 

active 

metab 


Bioconcentration  factor,  a  measure  of  the  cumulative 

build-up  of  a  specific  compound  sequentially  through  a  food  chain. 

A  term  meaning  noncaiKerotis. 

Biochemical  oxygen  demand 

Blood  urea  nitrogen 

Body  weight 

Celsius  (Centigrade) 

Gean  Air  Act 

Cancer  Assessment  Group  of  the  U.S.  Environmental  Protection 
Agency 

A  number  calculated  by  Arthur  D.  Little,  Inc. 

Any  cancer-producing  substance. 

A  malignant  epithelial  tumor. 

NO  Numeric  designation  assigned  by  the  A.r:ferican  Chemical  Soe'ety’s 
Chemical  Abstract  Service  which  uniquely  identifies  chemical 
compound. 

Cubic  ccntimeter(s) 

Comprehensive  Environmental  Response  Compensation  and 
Liability  Act 

Code  of  Federal  Regulations 
Ceiling  limit  value 
Centimeter(s)  (lE-02  meter) 

This  phrase  generally  refers  to  metals  such  as,  calcium, 
magnesium,  pot.'issium,  sodium,  tin,  zinc,  and  their  alloys. 
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CNS  Central  nervous  system  which  coostsu  of  the  brain  and  spinal 

cord.  The  CNS  controls  mental  activity  plus  voluntary  muscular 
activity.  It  also  coordinates  the  parasympathetic  and  sympathetic 
nervous  systems,  which  command  the  body’s  involuntary  functions. 


CO 

CO, 

Cp 

CPSA 

C*t 

CWA 

d 

da 

• 

DNA 

DOT 

Drinking 

Waiter 

ECD 

EEC 

EEG 

EKG 

EPA 


Carbon  monoxide 
Carbon  dioxide 
Centipoise 

Consumer  Product  Safety  Act 

Product  of  concentration  multiplied  by  time  of  exposure 

Qean  Water  Act 

Density 

Day($) 

Degrees,  as  in  37"C 

Deoxyribonucleic  acid 

U.S.  Department  of  Transportation 

Water  which  meets  the  specifications  of  the  water 

quality  standards  and  is  therefore  suitable  for  human  consumption 

and  for  all  usual  domestic  purposes. 

Electron  capture  detector 

European  Economic  Community  I 

Electroencephalogram,  it  detects  abnormalities  in  the  electrical 
waves  emanating  from  different  areas  of  the  brain. 

Electrocardiogram,  a  recording  of  the  changes  in  electrical 
potential  that  occur  during  a  cycle  of  heart  muscle  activity, 
producing  a  characteristic  series  of  waves. 

Environmental  Protection  Agency 


Epithelium  The  covering  of  internal  and  external  surfaces  of  the  body, 

including  the  lining  of  vessels  and  small  cavities. 
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Epoxide 


estim 

F 

FDA 

FDCA 

FID 

FEFRA 

Finished 

Flammable 
limits 
in  air 

L 

FR 

ft 

g 

Gavage 

GC 


An  organic  compound  containing  a  reactive,  group  resulting  from 
the  union  of  an  oxygen  atom  with  other  atoms  (usually  carbon) 
that  are  joined  as  slKrvn  below: 

O 

/\ 

-c-c- 

This  group,  commonly  called  *epoxy*,  characterizes  the  epoxy 
resins.  Epichloiohydrin  and  ethylene  oxide  are  well-known 
epoxides. 

Estimated  value 

Fahrenheit 

Food  and  Drug  Administration  (U.S.A.) 

Food,  Drug  and  Cosmetic  Act 
Flame  ionization  detector 

Federal  Insecticide,  Fungicide  and  Rodenticide  Act 

Tap  water,  i.e.,  water  that  has  undergone  drinking  water  treatment 

The  range  of  gas  or  vapor  concentrations  in  air, 
generally  expressed  in  units  percent  by  volume,  capable  of 
supporting  combustion  when  ignited.  The  lower  end  of  the  range 
b  commonly  referred  to  as  the  lower  flammable  limit  (LFL)  and 
sometimes  as  the  lower  explosive  limit  (LEL).  The  upper  end  of 
the  range  b  called  the  upper  Qammable  limit  (UFL)  or  the  upper 
explosive  limit  (UEL). 

Fraction  organic  carbon  in  soil  (0  <  f,,  ^  1) 

Federal  Regbter 

Foot 

Gram(s) 

Forced  feeding  through  a  tube  passed  into  the  stomach. 

Gas  chromatography 


AB<6 


ABBREVIATIONS 


Gastro-intestinal 

Subsurface  water  that  occurs  beneath  the  water  table  in  soils  and 
geologic  forms  that  are  fiiUy  saturated. 

Henry’s  law  constant  (atm  •  mVmol) 

Chemical  symbol  for  the  radioactive  isotope  of  hydrogen  of  atomic 
mass  3. 

ha  Hectare,  a  unit  of  area  eq^ual  to  10,000  square  meters. 

HA  EPA’s  Health  Advisory  (formerly  termed  SNARL),  an  estimate  of 

the  no  adverse  resporrse  level  for  short  and  long-term  exposures 
to  a  chemical  via  drinking  water. 

Half-life  Time  required  for  removal  or  degradation  of  one-half  of  the 

original  quantity. 

Halogen  One  of  the  electronegative  elements  of  Group  VILA  of  the 

Periodic  Table:  fluorine,  chlorine,  bromine,  iodine,  and  astatine. 
Euorine  is  the  most  active  of  all  chemical  elements. 

Halogenated  Containing  one  or  more  atoms  of  halogens. 

Hemangioma  A  tumor  composed  of  blood  vessels. 

Hemangiosarcoma  A  malignant  tumor  composed  of  endothelial  cells  which  line  the 
heart  and  vessels  of  the  circulatory  system. 

Hg  Mercury 

HNfTA  Hazardous  Materials  Transportation  Act 

HPLC  High-pressure  liquid  chromatography 

hr  Hour(s) 

HSDB  Hazardous  Substances  Data  Bank 

Hydrocarbon  An  organic  compound  (as  acetylene  or  benzene)  consisting 

exclusively  of  the  elements  carbon  and  hydrogen  and  often 
occurring  in  petroleum,  natural  gas,  coal,  and  bitumens. 


GI 

Ground  water 

H 

’H 
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Hydrolysis 


lARC 

IDLH 


im 

in 

intradermal 
in  vitro 


in  vivo 

ip 

m 

IRP 

lU 

iv 

K.  (or  K,) 
kg 

L 

lb 


The  addition  of  the  hydrogen  and  hydroxyl  ions  of  water  to  a 
molecule,  with  its  consequent  splitting  into  2  or  more  simpler 
molecules. 

International  Agency  for  Research  on  Cancer 

Immediately  dangerous  to  life  or  health  concentration;  represents 
the  maximum  level  from  which  one  could  escape  withJn  30 
minutes  without  any  escape-impairing  symptoms  or  any  irreversible 
health  effects. 

Intramuscular 

Inch 

Situated  or  applied  within  the  skin 

Describes  biological  experiments  in  laboratory  apparatus  rather 
than  in  a  b'ving  organism. 

Describes  process  that  occurs  within  a  living  organism. 

Intraperitoneal 

Infrared  spectroscopy 

Installation  Restoration  Program 

International  units 

Intravenous 

Soil  sorption  coefficient 
kilogram(s)  (lE-l-03  grams) 

Soil  absorption  coefficient  normalized  to  represent  amount  sorbed 
per  unit  weight  of  organic  carbon  in  soil. 

Liter(s) 

Pound(s) 


LCm  The  concentration  required  to  kill  50%  of  test  individuals. 

LCl,  Lowest  reported  lethal  concentration. 
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LC% 

LD« 

LDu 

Lesion 

logK. 

Lower 

Qammabte 

limit 

m 

m’ 

MAC 

Malignant 

MCL 

MDL 

mEq 

mg 

mg% 

min 

Mineral  acids 
(non-oxiding) 

Mineral  acids 
(oxidizing) 


Product  of  the  concentration  times  time  which  causes  lethality  in 
50%  of  the  exposed  population. 

The  dose  required  to  kill  50%  of  test  individuals. 

Lowest  reported  lethal  dose. 

An  abnormal  change  in  an  organ  because  of  injury  or  disease. 

Log  of  the  octanol-water  partition  coefficient 

The  lowest  concentration  of  the  material  in  air  which 
will  support  combustion. 

Meter 

Cubic  meter(s) 

Maximum  allowable  concentration 

Pertaining  to  the  growth  and  proliferation  of  certain  tumors  which 
terminate  in  death  if  not  checked  by  treatment. 

Maximum  contaminant  level 

Minimum  detection  limit(s) 

Milliequivalent  (1/1000  of  an  equivalent) 

Milligram(s)  (lOE-3  gram) 

The  concentration  of  a  solution  expressed  in  milligrams  per  100 
mL 

i 

Minute(s) 

Examples  include  boric,  disulfuric,  fluosilicic, 
hydriodic,  hydrobromic,  hydrochloric,  hydrocyanic,  hyfluoric, 
permonosulfuric,  phosphoric,  and  selenous  acids  as  well  as 
chlorosulfonic  acid  and  various  Quorophosphoric  acid*. 

Examples  include  brpmic,  chloric,  chromic,  acids 
hypochlorous,  nitric,  nitrohydrochloric,  perbromic,  perchloric, 
perchlorous,  periodic,  and  sulfuric  acids  as  well  as  oleum. 
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mL  Milliliter  (lE-03  liter) 

MLD  Minimiun  lethal  dose 

mm  Millimeter(s)  (lE-03  meter) 


mM 

mol 

MPRSA 

MS 

Mutagen 

MW 

n 

N 

Narcosis 

NCI 

NEPA 

NFPA 

NIOSH 

NIOSH  No. 


Millimoles 
Gram  mole 

Marine  Protection  Research  and  Sanctuaries  Act 
Mast  spectrometry 

A  material  that  induces  genetic  damage. 

Molecular  weight 

Normal  (isomer),  as  in  n-butyl. 

Normal  (equivalents  per  liter,  as  applied  to  concentration); 
nitrogen  (as  in  N-methylpyridine). 

A  state  of  stupor,  unconsciousness  or  arrested  activity. 

National  Cancer  Institute 

National  Environmental  Policy  Act 

National  Fire  Protection  Association 

The  National  Institute  for  Occupational  Safety  and  Health 

A  unique,  nine-  pr  sition  accession  number  assigned  to  each 
substance  listed  in  the  Registry  of  Toxic  Effects  of  Chemical 
Substances  published  by  NIOSH. 


NIPDWR  National  interim  primary  drinking  water  regulation 

Nitride  Compounds  of  nitrogen  with  N»  as  the  anion.  These  compounds 

may  react  vnth  moisture  to  evolve  Oammable  ammonia  gas. 

NOEL/NOAEL  No  observed  (adverse)  effect  level 

NPL 


NTP 


National  Priority  List 
National  Toxicology  Program 
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ng  Nanognun(s)  (lE-09  gram) 

OHM/TADS  Oil  and  Hazardous  Materials  Technical  Assistance  Data 
System 

Occupational  Safety  and  Health  Act  (or  Administration) 

Any  process  involving  the  addition  of  oxygen,  loss  of  hydrogen,  or 
lou  ^  electrons  from  a  compound. 

Any  compound  that  spontaneously  evolves  oxygen  either 
at  room  temperature  or  under  slight  heating.  The  term  include 
such  chemicals  as  peroxides,  chlorates,  perchlorates,  nitrates,  and 
permanganates.  These  can  react  vigorously  at  ambient 
temperatures  when  stored  near  or  in  contact  with  reducing 
materials  such  as  ceilukwic  (i.<^.,  cotton,  paper,  rayon)  and  other 
organic  compounds.  In  general,  storage  areas  for  oxidizing 
materials  should  be  well  ventilated  and  kept  as  cool  as  possible. 


PEL 

Permissible  exposure  limit,  as  found  in  29CFR  1910.1000. 

Percutaneous 

Penetration  of  the  skin 

PS 

picogram(s)  (IE- 12  grams) 

pH 

A  measure  of  acidity  or  alkalinity  of  a  solution  on  a  scale  of  0-14; 
log  of  the  reciprocal  of  the  hydrogen  ion  concentration. 

PID 

Photo  ionization  detector 

Pk 

Peak  concentration. 

Plasma 

The  straw-colored,  fluid  portion  of  blood  that  remains  when  all 
cells  are  removed. 

po 

By  mouth 

Polymerizable 

material 

A  substance  capable  of  self-polymerization  under 
appropriate  conditions.  Polymerization  reactions  are  often  violent, 
exothermic,  and  capable  of  causing  violent  rupture  of  sealed 
containers. 

OSHA 

Oxidation 

Oxidizing 

materials 
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Polymerization 

A  chemica 
light,  and  < 
number  of 
like  macro 
beat  In  a 
cause  the  i 
container  t 
reaction  ot 
performed 
substances 

1  reaction,  usually  carried  out  with  a  catalyst  heat,  or 
kten  under  high  pressure.  Ic  this  reaction,  a  large 
relatively  simple  molecules  combine  to  form  a  chain- 
molecule.  This  reaction  can  occur  with  the  release  of 
container,  the  heat  associated  with  polymerization  may 
iUbstance  to  expand  and/'or  release  gas  and  cause  the 

0  rupture,  sometimes  violently.  The  polymerization 
curs  spontaneously  in  nature;  industrially  it  is 
by  subjecting  unsaturated  or  otherwise  reactive 
to  conditioiis  that  will  bring  about  the  combination. 

POTWs 

Publicly  ov 

med  treatment  works 

ppb 

Part(8)  per 

billion 

ppm 

Part(s)  pet 

million 

ppt 

Part(s)  pet 

thousand 

PVA 

Polyvinyl  acetate 

PVC 

Polyvinyl  c 

hloride 

Raw 

Applied  to 
treatment. 

water  or  waste  water  that  has  undergone  no 

RCRA 

Resource  <[ 

Conservation  and  Recovery  Act 

Reactivity 

(chemical) 

Relating  t(^  the  potential  for  a  substance  to  undergo 
chemical  transformation  or  change  in  the  presence  of  other 

materiab.  j  Such  chemical  reactions  often  (but  not  always)  are 
hazardous  land  involve  evolution  of  heat,  toxic  or  Qammable  gases, 
fires,  or  expolsions.  The  products  formed  by  the  reaction  may 
have  properties  or  hazards  different  from  those  of  the  chemical 
reactants,  j 


RBC 


Red  bl( 


cells 


AE-12 

Red'.:cing 

agents 


Reduction 


REL 

Rf 

R£D 

RMCL 

RNA 

RQ 

SAE 

sc 

SD 

SDWA 

sec 

Serum 

SGOT 


ABBREVIATIONS 

These  agents  act  to  extract  and  liberate  hydrogen  from  organic 
substances  and  may  generate  toxic  and/or  flammable  gases  and 
beat  m  contact  with  water.  Many  reducing  agents  may  be 
pyrophoric  and  may  ignive  combustible  materials  in  the  presence 
of  air.  Contact  with  oxiduing  materials  may  result  in  violent  or 
explosive  reactions.  Examples  of  reducing  agents  include  calcium, 
phosphorus,  sodium,  hydrazine,  anine,  and  metallic  acetylides, 
aluminates,  boranes,  bromides,  carbides,  chlorides,  hydrides, 
hydroborates,  hyposulCtes,  iodides,  phosphides,  selenides,  and 
silaoes,  as  well  as  metal  alkyls  such  as  triethyl  aluminum  and 
diethyl  zinc. 

Decreasing  the  oxygen  content  or  increasing  the  proportion  of 
hydrogen  in  a  chemical  compound  or  adding  an  electron  to  an 
atom  or  ion. 

Recommended  exposure  limit 

Retardation  factor,  i.e.,  the  ratio  of  the  velocity  of  the  interstitial 
water  to  the  velocity  of  a  pollutant  in  soil. 

Reference  dose 

Recommended  maximum  contaminant  level 

Ribonucleic  acid 

Reportable  quantities 

Society  of  Automotive  Engineers 

Subcutaneous,  beneath  the  skin 

Standard  deviation,  a  measure  of  the  spread  of  individual 
measurements  of  a  normally  distributed  variable. 

Safe  Drinking  Water  Act 

Second(s) 

The  clean  amber  fluid  that  remains  after  biood  has  clotted;  plasma 
without  any  of  the  substances  involved  in  clotting. 

Serum  glutamic  oxalacetic  transaminase,  an  enzyme  released  into 
the  serum  as  the  result  of  tissue  injury,  especially  injury  to  the 
heart  end/or  liver. 
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SOFT 

Serum  glutamic  pyruvic  transaminase,  an  enzyme  released  into  the 
serum  as  a  result  of  tissue  injury,  especially  damage  to  liver  cells. 

SH 

Sulfhydryl  group 

SNARL 

Suggested  no  adverse  response  level 

STEL 

Short-term  eiqxxure  limit 

STP 

Standard  temperature  and  pressure 

Subcutaneous 

Beneath  the  sldn 

Surface  water 

That  water  contained  on  the  exterior  or  upper  portion  of  the 
earth’s  surface;  it  does  not  include  ground  water. 

Sym 

Symmetrical 

Half-life 

TDi^ 

Lowest  reported  toxic  dose 

Teratogen 

A  material  that  induces  nontransmissible  changes  (birth  defects)  in 
the  offspring. 

TLV* 

Threshold  limit  value;  an  ACX3IH-recommended  timei-weighted 
average  concentration  of  a  substance  to  which  most  workers  can 
be  exposed  without  adverse  effect 

TNT 

Trinitrotoluene,  an  explosive  used  in  the  munitions  industry. 

Toxic  metals 
and  their 
compounds 

These  include  antimony,  arsenic,  barium,  beryllium, 
bismuth,  cadmium,  chronuum,  cobalt  copper,  indium, 
lead,  manganese,  mercury,  molybdenum,  nickel,  osmium,  selenium, 
thallium,  thorium,  titanium,  zinc,  and  zirconium;  compounds 
containing  these  metals;  and  metallic  compounds  containing 
arsines,  boron,  calcium,  cesium,  magnesium,  silver,  strontium, 
tellurium,  tin,  tungsten,  or  vanadium,  among  others. 

TSCA 

Toxic  Substances  Control  Act 

TWA 

Time-weighted-average 

Microgram(s)  (lE-06  gram) 

fiL 

Microliter(s)  (lE-06  liter) 
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uos 

upper 

flammable 

limit 

USAF 

USEPA 

VoL% 

Water  quality 
standard 

WHO 

wk 

w/v 

w/w 

% 

> 

< 

£ 


Unsymmetrical 

The  highest  concentration  of  the  material  in  air  which 
will  support  combustion. 

United  States  Ah  Force 

United  States  Environmental  Protection  Agency 

The  number  of  milliliters  of  a  substance  in  100  milliliters  of  the 
medium. 

Legally  enforceable  provisions  of  state  or  Federal  law 
which  consist  of  a  doignated  use  or  uses  for  the  waters  of  the 
United  States  and  water  quality  criteria  for  such  waters  based 
upon  such  uses. 

World  Health  Organization 

Weck(s) 

Weight  per  unit  volume 
Weight  per  unit  weight 
Percent 
Greater  than 
Greater  than  or  equal  to 
Less  than 

Less  than  or  equal  to 
Approximately 


-> 


Yields  or  causes 
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COMMON 
SYNONYMS: 
Csrtxn  dicfaloride 
Ethyteoe 
teiraclilcride 
PCE 
PERC 

Perdiloroetliylene 

TetnchiotfxtlKne 

TeuacfaloraeUiylene 


CAS  REGNO.: 

127.18-14 
NIOSH  NO: 
KX38S0000 


FORMULA; 


STRUCTURE; 


CI-C-C-CI 
I  I 
O  Cl 


AIR  W/V  CONVERSION 
FACTOR  at  25*C  (12) 

6.78  mg/m’  a  1  ppm; 
0.147  ppm  s  1  mg^’ 


MOLECULAR  WEIGHT: 
165.85 


Reactions  of  halogenated  organic  materials  such  as  tetra- 
chloroethylene  with  cyanides,  nercaptans  or  other  organic 
sulfides  typically  generate  heat,  while  those  with  amines, 
azo  compounds,  hydrarines,  caustics  or  nitrides  commonly 
evolve  heat  and  toxic  or  flammable  gases.  Reactions  with 
oxidizing  mineral  acids  may  generate  heat,  toxic  gases  and 
Gres.  Those  vrith  i^lkali  or  alkaline  earth  metals,  certain 
other  chemically  active  elemental  metals  like  aluminum, 
zinc  or  magnesium,  organic  peroxides  or  hydroperoxides, 
strong  oxidizing  agents,  or  strong  reducing  agents  typically 
result  in  heat  generation  and  explosions  and/or  fires  (Sll). 


PHYSICO¬ 

CHEMICAL 

DATA 


Physical  State:  Liquid  (at  2(fC) 
Color:  Colorless 
Odor:  Ether-like 
Odor  Threshold:  50.000  ppm 
Density:  1.6250  g/mL  (at  20*C) 
Frccze/Melt  Point:  -22.4(fC 
Boiling  Point:  121.00*C 
Flash  Point:  None 
Flammable  limits:  Nonflammable 
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TETRACHLOROErHYUENE 


• 

Autoignition  Temp.:  Nonflammable 

• 

Vapor  Pressure:  1.40E+01  mm  Hg 

(38) 

(at  2(rC) 

• 

Satd.  Cone,  in  Ain  1.2600E+0S 

(67) 

mg/m’  (at  20“C) 

• 

SolubUity  in  Water.  1.50E-f02 

(38) 

mg/L  (at  2(PC) 

• 

Viscosity:  0.890  (e3timate)(at  20‘C) 

(21) 

• 

Surface  Tension:  3.1300E+01 

(59) 

PHYSICO- 

dyne/cm  (at  20“C) 

CHEMICAL 

• 

Log  (Octanol-Water  Partition 

(29) 

DATA 

CbeCf.):  3.14 

(Cont.) 

• 

Soil  Adsorp.  Coeff.:  6.65E+02 

(652) 

• 

Henry’s  Law  Const:  Z27E-02 

(74) 

atm  <  mVmol  (at  20°C) 

• 

Bioconc.  Factor.  4.90E+01  (bluegiil) 

(170,659) 

6.60E+01  (estim) 

PERSISTENCE 

Relatively  mobile  in  soil-water  systems,  including 
transport  of  vapor  through  air-fllled  pores  as  well  as 

IN  THE  SOIL- 

transport  in  solution.  Chemical  is  resistant  to  hydrolysis 

WATER 

and  to  biodegradation  (except  by  acclimated  mixed 

SYSTEM 

cultures);  it  may  thus  persist  for  months  to  years  (or 

longer). 

The  primary  pathway  of  concern  from  a  soil-water 

PATHWAYS 

system  is  the  migration  of  tetrachloroethylene  to  ground- 

OF 

water  used  as  sources  for  drinking  water.  There  is  sub- 

EXPOSURE 

stantial  evidence  that  such  migration  has  occurred  in  the 
past.  Inhalation  resulting  from  volatilization  from 
surface  soils  and  drinking  water  may  also  be  important. 

TETRACmXJROETHYLENE 


HEALTH 

HAZARD 

DATA 


Signs  and  Symptoms  of  Short-term  Human  Exposure: 


m 


Ingestion  and  inhalation  cause  nausea,  vomiting,  head¬ 
ache,  dujdness,  drowsiness  and  tremon.  Skin  contact 
with  liquid  causes  irritation  and  blistering.  Both  liquid 

and  vapor  are  irritating  to  the  eyes. 

Acute  Toxicity  Studies:  (3504) 

INHALATION: 

LCm  5200  ppm  •  4  hr 

Mouse 

LCm  5040  ppm  •  8  hour 

Rat 

ORAL 

LDm  8850  mg/kg 

Rat 

LDm  8100  mg/kg 

Mouse 

SKIN. 

LDm  64680  mg/kg  •  10-day 

Mouse 

Carcinogenicity  Classification: 
lARC  •  Group  2B  (possibly  carcinogenic  to  humans) 
NTP  -  Gear  evidence  in  mice,  male  rats,  rome  evidence 
in  female  rats 

EPA  •  Group  B2  (sufficient  evidence  in  animals  and 
inadequate  evidence  in  humans) 


HANDLING 

PRECAUTIONS 

(38) 


Handle  chemical  only  with  adequate  ventilation. 

•  Vapor  concentrations  of  100-500  ppm;  any  supplied- 
air  respirator  or  self-contained  breathing  apparatus  with 
full  facepiece;  gas  mask  with  organic  vapor  canister; 
chemical  cartridge  respirator  with  full  lacepiece  and 
organic  vapor  cartridge.  •  Above  500  ppm:  self-con¬ 
tained  breathing  apparatus  with  full  facepiece  operated 
in  positive-pressure  mode.  •  Chemical  goggles  if  there 
is  probability  of  eye  contact.  •  Butyl,  natural  rubber, 
neoprene  or  PVC  gloves/apronyboots  to  prevent 
repeated  or  prolonged  skin  contact  with  the  liquid. 
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TETRACHLOROETHYUENE 


ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS  AND 

CRITERIA 


Standards 

•  OSHA  TWA  (8-hr):  25  ppm; 

•  AFOSH  PEL  (8-hr  TWA):  25  ppm;  STEL  (15-inin):  37^  ppm 
Criteria 

•  NIOSH  IDLH  (30  min):  deleted:  NIOSH  has  recommended  that  the 
bubstancs  be  treated  as  a  potential  human  carcinogen. 

•  NIOSH  R£L:  Lowest  feasible  limit 

•  ACGIH  TLV®  (8-hr  TWA):  50  ppm 

•  ACGIH  STEL  (15  min):  200  ppm 


WATER  EXPOSURE  LIMITS: 


Drinking  Water  Standards  (3742) 

MCLG:  0  ngJL  (proposed) 

MCL  :  5  fig/L  (proposed) 

EPA  Health  Advisories  and  Cancer  Risk  Levels  (3977) 

The  EPA  has  developed  the  following  Health  Advisories  which  provide  specific 
advice  on  the  levels  of  contaminants  in  drinking  water  at  which  adverse  health 
effects  would  not  be  anticipated. 

•  1-day  (child):  2  mg/L 

•  10-day  (child):  2  mg/L 

-  ionger-te:m  (child):  1  mg/L 

•  longer-term  (adult);  5  mg/L 

-  lE-04  cancer  risk;  70  ng/L 


TETRACHLOROETHYLENE 


ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS  AND 

CRITERIA  (Cont.) 


HO  Drinking  Water  Guideline  (666) 

A  tentative  health-based  guideline  for  drinking  water  of  10  fig/L  has  been 
proposed  for  tetrachloroethylene.  A  daily  per  capita  consumption  of  two 
!iten  was  assumed. 


•  Human  Health  (355) 

-  Based  on  ingestion  of  contaminated  water  and  aquatic  organisms 
(lE-05,  lE-06,  lE-07  cancer  risk),  8  ngfL,  0.8  (ig/L,  0.08  ng/L. 

r  Based  on  ingestion  of  drinking  water  only,  (lE-04,  lE-05,  lE-06 
cancer  risk),  70  ng/L,  7  ng/L,  0.7  ng/L. 

•  Aquatic  Life  (355) 

-  Freshwater  species 
acute  toxicity: 

no  criterion,  but  lowest  effect  level  occurs  at  5280  ngfL. 
chronic  toxicity; 

no  criterion,  but  lowest  effect  level  occurs  at  840  ^ig/L. 

Saltwater  species 
acute  toxicity: 

no  criterion,  but  lowest  effect  level  occurs  at  10,200  Hg/L. 
chronic  toxicity: 

no  criterion,  but  lowest  effect  level  occurs  at  450  ng/L. 


REFERENCE  DOSES: 

OPAJ-:  1.000E-(-01  ^g/kg/day  (3744) 
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REGULATORY  STATUS  (as  of  Ol-MAR-89) 

Promulgated  Regulations 

•  Federal  Programs 

Qean  Water  Act  (CWA) 

Tetrachloroethylene  is  listed  as  a  toxic  pollutant,  subject  to  general 
pretreatment  regulations  for  new  and  existing  sources,  and  effluent 
standards  and  guidelines  (351,  3763).  Effluent  limitations  have  been 
set  for  tetrachloroethylene  effluent  in  the  following  point  source 
categories:  electroplating  (3767),  organic  chemicak,  plastics,  and 
synthetic  fibers  (3777),  steam  electric  power  generating  (3802),  metal 
finishing  (3768),  iron  and  steel  manufacturing  (354),  and  metal  molding 
and  casting  (8^).  Limitations  vary  depending  on  the  type  of  plant  and 
industry. 

Safe  Drinking  Water  Act  (SDWA) 

Tetrachloroethylene  is  on  the  list  of  83  contaminants  required  to  be 
regulated  under  the  SDWA  of  1974  as  amended  in  1986  (3781).  It  is 
listed  as  an  unregulated  contaminant  requiring  monitoring  in  all 
community  water  systems  and  non-commum‘ty  non>transient  water 
systems  (3771).  In  states  with  an  approved  Underground  Injection 
Control  program,  a  permit  is  required  for  the  injection  of  tetra- 
chloroethylene-containr'ng  wastes  designated  as  hazardous  under  RCRA 
(295). 

Resource  Conservation  and  Recovery  Act  (RCRA) 

Tetrachloroethylene  is  identified  as  a  toxic  hazardous  waste  (U210)  and 
a  hazardous  waste  constituent  (3783,3784).  Non-specific  sources  of 
tetrachloroethylene-containing  waste  are  solvent  use  (or  recovery) 
activities,  chlorinated  aliphatic  hydrocarbon  production,  and  spent 
solvent  mixtures  containing  10%  or  more  tetrachloroethylene  (325). 
Waste  streams  from  the  following  industries  contain  tetrachloroethylene 
and  are  listed  as  specific  sources  of  hazardous  waste:  organic  chemicals 
(production  of  carbon  tetrachloride,  1,2-dichloroethane,  vinyl  chloride, 
and  toluene  diisocyanate)  and  inorganic  chemicals  (chlorine  production) 
(3774,  3765).  Effective  July  8,  1987,  the  land  disposal  of  hazardous 
wastes  which  contain  halogenated  organic  compounds  in  total 
concentrations  greater  than  or  equal  to  1000  mgAg  is  prohibited. 
Effective  Au^t  8,  1988,  the  underground  injection  into  deep  wells  of 
these  wastes  is  prohibited.  Certain  variances  exist  until  May,  1990  for 
land  and  injection  well  disposal  of  some  wastewaters  and  non¬ 
wastewaters  for  which  Best  Demonstrated  Available  Technology 
(BDAT)  treatment  standards  have  not  been  promulgated  by  EPA 
(3786).  Tetrachloroethylene  is  included  on  EPA’s  ground-water 
monitoring  list  EPA  requires  that  all  hazardous  waste  treatment, 
storage,  and  disposal  facilities  monitor  their  ground-water  for  chemicals 
on  this  list  when  suspected  contamination  is  first  detected  and  annually 
thereafter  (3775). 
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Toxic  Substances  Control  Act  (TSCA) 

Manufacturers,  processors,  or  importers  who  possess  health  and  safety 
studies  on  tetrachloroethyleoe  must  submit  them  to  EPA  (3789). 


Act  (CERCLA) 

Tetrachloroethylene  is  designated  a  hazardous  substance  under 
CERCLA  It  has  a  reportable  quantity  (RQ)  limit  of  0.454  kg. 
Reportable  quantities  have  also  been  issued  for  RCRA  hazardous 
waste  streams  coritaining  tetrachloroethylene  but  these  depend  upon 
the  concentration  of  the  chemicals  in  t^  waste  stream  (3766).  Under 
SARA  Title  in  Section  313,  manufacturers,  processors,  importers,  and 
users  of  tetrachloroethylene  must  report  annually  to  EPA  and  state 
ofTiciak  their  releases  of  this  chemical  to  the  environment  (3787). 

Federal  Insecticide.  Fungicide  and  Rodenticide  Act  (FDFRA) 
Tetrachloroethylene  is  exempt  from  a  tolerance  requirement  when  used 
as  a  solvent  or  cosolvent  at  a  level  of  t>o  more  than  0.6%  in  pesticide 
formulations  applied  to  growing  crops  or  to  raw  agricultural 
commodities  aher  harvest  Exemptions  also  apply  when  it  is  used  as  a 
solvent  in  pesticide  formulations  applied  to  animals  (315). 

Marine  Protection  Research  and  Sanctuaries  Act  (MPRSA) 

Ocean  dumping  of  organohalogen  compounds  as  well  as  the  dumping 
of  known  or  suspected  carcinogens,  mutagens  or  teratogens  is 
prohibited  except  when  they  are  present  as  trace  contaminants.  Permit 
applicants  are  exempt  from  these  regulations  if  they  can  demonstrate 
that  such  chemical  constituents  are  non-toxic  and  non-bioaccumulative 
in  the  marine  environment  or  are  rapidly  rendered  harmless  by 
physical,  chemical  or  biological  processes  in  the  sea  (309). 

Occupational  Safety  and  Health  Act  (OSHA) 

Employee  exposure  to  tetrachloroethylene  shall  not  exceed  an  8-hour 
time-weighted  average  (TWA)  of  25  ppm  (3539). 

Oean  A'r  Act  (CAA) 

EPA  lists  tetrachloroethylene  as  a  hazardous  air  pollutant  for  which  it 
will  establish  national  emission  standards  under  S^tion  112  of  the 
Qean  Ar  Act  (3803). 

Hazardous  Materials  Transportation  Act  (HMTA) 

The  Department  of  Transportation  has  designated  tetrachloroethylene 
as  a  hazardous  material  with  a  reportable  quantity  of  0.454  kg,  subject 
to  requirements  for  packaging,  labeling  and  transportation  (3180). 
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TETRACHLOROETHYLENE 


Food.  Drug  and  Cosmetic  Act  (FDCA) 

Tetrachloroethy'^ne  is  approved  for  use  at  an  indirect  food  additive  as 
a  component  of  adhesives  (3209). 

•  State  Water  Programs 

ALL  STATES 

All  states  have  adopted  EPA  Ambient  Water  Quality  Criteria  and 
NPDWRs  (see  Water  Exposure  Limits  section)  as  their  promulgated 
state  regulations,  either  by  narrative  refereiKe  or  by  relisting  the 
specific  numeric  criteria.  These  states  have  promulgated  additonal  or 
more  stringent  criteria: 

CALIFORNU 

California  has  an  action  level  of  4  fig/L  for  drinking  water  (3098). 
CONNEc  1  iCUT 

Connecticut  has  a  quantification  limit  of  2  fig/L  and  an  action  level  of 
20  Mg/L  for  drinking  water  (31373138). 

FLORIDA 

Florida  has  set  an  MCL  of  3  fig/L  for  drinking  water  (3219). 

KANSAS 

Kansas  has  an  action  level  of  7  fig/L  for  ground-water  (3213). 

NEW  HAMPSHIRE 

New  Hampshire  has  set  an  enforceable  Toxic  Contaminant  Level 
(TCL)  for  tetrachloroethylene  in  drinking  water  of  23  mg/L  (assumes  a 
child  weighing  10  kg  who  drinks  one  liter  of  water  per  day)  (3710). 

New  Jersey  has  set  an  MCL  of  1  fig/L  (ppb)  for  drinking  water  (3497). 
OKLAHOMA 

Oklahoma  has  a  water  quality  criterion  of  1.6  fig/L  for  ground-water, 
and  has  set  a  nonenforceable  Toxic  Substance  Goal  of  zero  for  public 
and  private  surface  waters  (3534). 

PENNSYLVANIA 

Pennsylvania  has  set  a  human  health  criterion  (cancer  risk  level)  of  0.7 
fig/L  for  surface  waters  (3561). 
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Rhode  Island  has  an  acute  freshwater  quality  guideline  of  240  /xg/L 
and  a  chronic  guideline  of  5.3  ^^%fL  for  the  protection  of  aquatic  life  in 
surface  waters.  These  guidelines  are  enforceable  under  Rhode  Island 
state  law  (3590). 


South  Dakota  requires  tetrachloroethylene  to  be  nondetectable,  using 
designated  test  methods,  in  ground-water  (3671). 


Vermont  has  a  preventive  action  limit  of  0.07  ^g/L  and  an 
enforcement  standard  of  0.70  nfJL  for  tetrachloroethylene  in  ground- 
water  (3682). 


Wisconsin  has  a  preventive  action  limit  of  0.1  /ig/L  and  an 
enforcement  standard  of  1  /xg/L  for  tetrachloroethylene  in  ground- 
water  (3840). 


Federal  Programs 

Safe  Drinking  Water  Act  (SDWA) 

EPA  has  proposed  a  maximum  contaminant  level  goal  (MCLG)  of  zero 
and  a  maximum  contaminant  level  (MCL)  of  5  ng/L  for 
tetrachloroethylene  as  part  of  the  National  Primary  Drinking  Water 
Regulations.  This  action  is  expected  in  May,  1989,  with  promulgation 
scheduled  for  December,  1990  (3759). 

Resource  Conservation  and  Recovery  Act  (RCRA) 

EPA  has  proposed  that  solid  wastes  be  listed  as  hazardous  because 
they  exhibit  the  characteristic  deGned  as  EP  toxicity  when  the  TCLP 
extract  concentration  is  equal  to  or  greater  than  0.1  mg/L 
tetrachloroethylene.  Final  promulgation  of  this  Toxicity  Characteristic 
Rule  is  expected  in  June.  1989  (1565).  EPA  has  proposed  listing 
wastestreams  from  the  following  industries  as  speciGc  sources  of 
tetrachloroethylene-containing  wastes;  organic  chemicals 
(1,1,1-trichloroethane  production),  and  inorganic  chemicals  (2,4-D 
production)  (3795). 
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•  State  Water  Programs 
MOST  STATES 

Most  states  are  io  the  process  or  revising  their  water  programs  and 
proposing  changes  in  tteir  regulations  which  will  follow  EPA’s  changes 
when  they  become  Gnal.  Qintact  with  the  state  officer  is  advised. 
Changes  are  projected  for  1989-90  (3683). 

CALIFORNIA 

California  has  proposed  an  MCL  of  S  /ig/L  for  drinking  water  (3096). 

^^IME?0TA 

Minnesota  has  proposed  a  Recommended  Allowable  Limit  (RAL)  of 
6.6  lifJL  for  tetrachloroethylene  in  drinking  water  (3451).  Minnesota 
has  also  proposed  a.  Sensitive  Acute  Limit  (SAL)  of  2110  ^g/L  for 
designated  surface  waters,  and  chronic  criteria  of  6.6  /xg/L  for 
designated  ground-waters  and  3.8  /xg/L  for  designated  surface  waters 
for  the  protection  of  human  health  (3452). 

NEW  JERSEY 

New  Jersey  has  proposed  a  water  quality  criterion  of  1  ^g/L  for  class 
FW2  surface  waters  (3496). 


EEC  Directives 

Directive  on  Ground- Waterf 5381 

Direct  discharge  into  ground-water  (i.e.  without  percolation  through 
the  ground  or  subsoil)  of  organohalogen  compounds  and  substances 
which  may  form  such  compounds  in  the  aquatic  environment, 
substances  which  possess  carcinogenic,  mutagenic  or  teratogenic 
properties  in  or  via  the  aquatic  environment,  and  mineral  oils  and 
hydrocarbons  is  prohibited.  Appropriate  measures  deemed  necessary  to 
prevent  indirect  discharge  into  ground-water  (i.e.,  via  percolation 
through  ground  or  subsoil)  of  these  substances  shall  be  taken  by 
memlxr  countries. 

Directive  on  the  Quality  Reouired  of  Shellfish  Waters  (537) 

The  mandatory  specifications  for  organohalogenated  substances  specify 
that  the  concentration  of  each  substance  in  the  shellfish  water  or  in 
shellfish  flesh  must  not  reach  or  exceed  a  level  which  has  harmful 
effects  on  the  shellfish  and  larvae.  The  specifications  for  organo¬ 
halogenated  substances  state  that  the  concentration  of  each  substance 
in  shellfish  flesh  must  be  so  limited  that  it  contributes  to  the  high 
quality  of  the  shellfish  product 
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Directive  Relating  to  the  gassification.  Packaging  and  Labeling  of 
Dangerous  Preparations  (Solvents)  (544) 

Tetrachloroethylene  is  listed  as  a  Qass  n/b  harmful  substance  and  is 
subject  to  packaging  and  labeling  regulations. 

Directive  on  the  Discharge  of  Dancerom  Substances  (535) 
Organohalogens,  carcinogens  or  substances  which  have  a  deleterious 
effect  on  the  taste  and/or  odor  of  human  food  derived  from  aquatic 
environments  cannot  be  discharged  into  inland  surface  waters, 
territorial  waters  or  internal  coastal  waters  without  prior  authorization 
from  member  countries  which  issue  emission  standards.  A  system  of 
zero-emission  applies  to  discharge  of  these  substances  into  ground- 
water. 

Directive  on  Toxic  and  Dangerous  Wastes  (542) 

Any  installation,  establishment,  or  undertaking  which  produces,  holds 
and/or  disposes  of  certain  toxic  and  dangerous  wastes  including  phenols 
and  phenol  compounds;  organic-halogen  compounds,  excluding  inert 
polymeric  materials  an  other  substances  referred  to  in  this  list  or 
covered  by  other  Directives  concerning  the  disposal  of  toxic  and 
dangerous  waste;  chlorinated  solvents;  organic  solvents;  biocides  and 
phyto-pharmaceutical  substances;  ethers  and  aromatic  polycyclic 
compounds  (vrith  carcinogenic  effects)  shall  keep  a  record  of  the 
quantity,  nature,  physical  and  chemical  characteristics  and  origin  of 
such  waste,  and  of  the  methods  and  sites  used  for  disposing  of  such 
waste. 

Directive  on  the  Qassification.  Packaging  and  Labeling  of  Dangerous 
Substances  (787) 

Tetrachloroethylene  is  classified  as  a  harmful  substance  and  is  subject 
to  packaging  and  labeling  regulations.  Tetrachloroethylene  may 
contain  a  stablizer  and  if  the  stablizer  changes  the  dangerous 
properties  of  this  substance  should  be  labeled  in  accordance  with  rules 
in  Annex  I. 


17-12 


TBTRACHLOROErHYLENE 


17.1  MAJOR  USES 

The  major  appUcation  for  tetracbloroethyleoe,  approximately  68%  of  annual 
domestic  production,  is  in  the  dry  cleaning  industry,  ^me  80%  of  all  dry  cleaners 
use  it  as  their  primary  cleaning  agent  (21).  Its  popularity  in  this  area  is  due  to  its 
ixroflammability,  ease  of  recovery  for  reuse  and  its  compatibility  with  various  fabrics. 
Cold  cleaning  and  vapor  degreasing  of  metals  account  for  15%  of  its  use,  while  14% 
is  used  as  a  chemical  intermediate  in  the  synthesis  of  fluorocarbons.  Minor 
applications  account  for  3%  of  its  use.  These  include  various  manufacturing  and 
i^ustrial  processes  as  well  as  medicinal  uses  (6,  21,  25). 


172  ENVIRONMENTAL  AND  EXPOSURE  PATHWAYS 

172.1  Transport  in  Soil/Ground-water  Systems 

172.1.1  Overview 

Tetrachloroethylene  may  move  through  the  soil/ground-water  system  when 
present  at  low  concentrations  (dissolved  in  water  and  sorbed  on  soil)  or  as  a  separate 
organic  phase  (resulting  from  a  spill  of  significant  quantities  of  the  chemical).  In 
general,  transport  pathways  for  low  soil  concentrations  can  be  assessed  by  using  an 
equilibrium  partitioning  model  as  shown  in  Table  17-1.  These  calculations  predict  the 
partitioning  of  tetrachloroethylene  among  soil  particles,  soil  water  and  soil  air.  The 
tetrachloroethylene  associated  with  soil  air  and  soil  water  is  more  mobile  than  the 
sorbed  portion. 

The  estimates  for  the  unsaturated  topsoil  model  indicate  that  most  of  the 
chemical  (about  97%)  is  sorbed  to  the  soil.  The  amount  of  the  chemical  in  soil  air 
(2.2%  at  20*C,  0.7%  at  10“C)  is,  however,  large  enough  to  make  volatilization  an 
important  transport  pathway.  The  amount  in  soil  water  (0.8%)  indicates  solution 
transport  is  a  relatively  minor  transport  pathway  unless  the  water  content  is  higher. 

In  saturated  deep  soils  (containing  no  soil  air  and  negligible  soil  organic  carbon), 
a  much  higher  fraction  of  tetrachloroethylene  (26%)  is  in  the  soil  water;  this  portion 
would  be  transported  with  flowing  ground-water. 

A  number  of  laboratory  and  field  studies  have  documented  the  mobility  of 
tetrachloroethylene  in  soil/ground-water  systems.  Wilson  et  al.  (82)  showed  in  a 
laboratory  test  that  most  of  the  chemical  was  lost  from  the  soil  column  via 
volatilization  and  a  smaller  amount  via  leaching.  Field  studies  by  Piet  et  al.  (226), 
Schneider  et  al.  (227)  and  Schwarzenbach  and  Westall  (228)  have  demonstrated  the 
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TABLE  17-1 

EQUnJBRIUM  PARTmOf^ING  CALCULATIONS  FOR 
TETRACHLOROETHYLENE  IN  MODEL  ENVIRONMENTS* 


Soil 

Soil  Soil-Water  Soil-Air 

Unsaturated 

topsoil*^ 


(i)  at  2(rC 

97 

0.8 

22 

(ii)  at  10“C 

98.5 

0.8 

0.7 

Saturated 

deep  soil** 

at  2(fC 

73.6 

26.4 

• 

a)  Calculations  based  on  Mackay's  equilibrium  partitioning  model  (34,  35,  36);  see 
Introduction  for  description  of  model  and  environmental  conditions  chosen  to 
represent  an  unsaturated  topsoil  and  saturated  deep  soil.  Calculated  percentages 
should  be  considered  as  rough  estimates  and  used  only  for  general  guidance. 

b)  Utilized  estimated  soil  sorption  coefficient:  K« *  *  660  (Estimated  by  Arthur  D. 
Little,  Inc.) 

c)  Henry’s  law  constant  taken  as  0.154  atm  mVmoI  at  20*C  (74).  This  datum  seems 
to  be  in  error. 

d)  Used  sorption  coefficient  (Kp)  calculated  as  a  function  of  K„  assuming  0.1% 
organic  carbon:  K,  *  0.001  x  K*. 


mobility  of  tetrachlorocthylene  through  river  sediments  and  aquifers  near  the  Rhine 
River.  Tne  velocity  of  tetrachlorocthylene  relative  to  that  of  water  in  one  study  was 
0.1  for  the  river  sediments  and  0.6  for  the  aquifer  (228). 

17.2.1.2  Sorption  on  Soils 

with  other  neutral  organic  molecules,  the  extent  of  tetrachlorocthylene 
sorption  on  soil  is  expected  to: 

•  increase  with  increasing  soil  organic  matter  content; 

-  increase  slightly  with  decreasing  temperature; 

-  increase  moderately  with  increasing  salinity  of  the  soil  (the  salting-out 
coefficient,  k,  for  tetrachlorocthylene  in  KQ  solutions  is  0.56  L/mol  (18));  and 

-  decrea.se  moderately  with  increasing  dissolved  organic  matter  content  of  the 
soil  water. 
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Based  upon  its  octanol-water  partition  coefficient  of  about  1400,  the  soil  sorption 
coefficient  (per  unit  weight  of  organic  carbon  in  the  soil),  is  estimated  to  be  660. 
Sabljic  (230)  reports  a  measured  value  of  K«  as  360;  the  original  source  of  this  datum 
is  not  clearly  identified.  The  equilibrium  partition  calculations  described  above  (with 
results  shown  in  Table  17-1)  used  K,.  »  660.  The  results  showed  extensive  (97%) 
sorption  in  the  unsaturated  zone  and  major  (74%)  sorption  in  the  saturated  zone. 

17.2.U  VoIatQizatkn  firom  Soils 

Transport  of  tetrachloroethylene  vapors  through  the  air-Clled  pores  of  unsat- 
urated  soils  is  an  important  transport  mechanism  for  near-surface  soils.  This  has  been 
demon>trated  in  laboraio>7  tests  by  Wilsca  et  aL  (82). 

In  general,  important  soil  and  environmental  properties  influencing  the  rate  of 
volatilization  include  soil  porosity,  temperature,  convection  currents  and  barometric 
pressure  changes;  important  physicochemical  properties  include  the  Henry’s  law 
constant  (H),  the  vapor-soil  sorption  coefficient,  and,  to  a  lesser  extent,  the  vapor 
phase  diffusion  coefficient  (31).  The  temperature  dependence  of  H  for  tetra¬ 
chloroethylene  has  been  measured  by  Gossett  and  Lincoff  (18): 

H(atm-mVmol)  *  exp  [102  -  4622/r  (*K)]. 

Using  this  equation,  values  at  20“C  and  10*C  are  calculated  to  be  0.0117  and 
0.00666  atm  •  mVmol,  respectively.  The  influence  of  salt  concentration  and  dissolved 
organic  matter  on  the  value  of  H  is  also  provided  by  Gossett  and  Lincoff  (18);  the 
effects  are  smaller  than  those  associated  with  normal  temperature  changes  (e.g.,  a 
10“C  change). 

Y122  Transformation  Processes  in  SoilAjTouod-water  Systems 
17.2.2.1  Overview 

The  persistence  of  tetrachloroethylene  in  soil/ground-water  systems  is  not  well 
documented.  In  most  cases,  it  should  be  assumed  that  it  will  persist  for  months  to 
years  (or  more). 

Tetrachloroethylene  that  has  been  released  into  the  air  will  eventually  undergo 
photochemical  oxidation;  a  tropospheric  lifetime  on  the  order  of  days  to  weeks  has 
been  reported  for  the  chemical  (229).  Photolytic  degradation  in  surface  waters  has 
also  been  demonstrated  in  laboratory  tests  (231).  Tetrachloroethylene  undergoes 
hydrolysis  very  slowly  in  the  presence  of  water.  At  elevated  temperatures  (150*C), 
the  products  of  hydrolysis  are  trichloroacetic  acid  (CQ,CXX)H)  fend  hydrochloric  acid 
(HQ).  Available  data  from  laboratory  tests  indicate  that  the  half-life  of 
tetrachloroethylene  due  to  aqueous  hydrolysis  in  natural  waters  is  on  the  order  of 
several  months  (232)  to  several  years  (75).  Losses  (in  the  laboratory  study)  in  the 
first  study  due  to  volatilization  and/or  reaction  with  dissolv-d  oxygen  may  be 
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responsible  for  the  lower  haif-Iife.  Mabey  et  al.  (33)  indicate  that  hydrolysis  is  not  an 
environinentally-significant  de^adation  pathway  for  tetrachloroethylene. 

Literature  references  to  microbial  degradation  of  compounds  such  as  tetrachloro- 
eth^lene  are  few  and  conflicting;  the  majority  report  that  low  molecular  weight 
chloroaliphatics  are  not  metabolized  (10).  However,  significant  degradation  may  be 
achieved  in  biological  wastewater  treatment  plants  where  the  microbes  have  b^me 
acclimated  to  the  chemical  Tabak  et  al  (SS),  for  example,  showed  significant 
tetrachloroethylene  biodegradation  with  gradual  adaptation  at  levels  of  5  and  10  mg/L 
in  a  static-culture  flask-screening  procedure.  Other,  less-direct  data  indicating 
biodegradation  in  wastewater  treatment  plants  are  summarized  by  Gilbert  et  al  (229). 
However,  in  most  soil/ground-water  systems  such  aerobic  degradation  would  be  of 
minimal  importance  because  of  the  low  concentration  of  microorganisms  and  the  low 
dissolved  oxygen  (anaerobic)  conditions. 

Evidence  of  anaeiobic  microbiological  degradation  of  tetrachloroethylene  has 
been  reported  by  Haider  (233),  and  Bouwer  and  McCarty  (234).  Bouwer  et  al.  (235) 
had  previously  reported  that  no  anaerobic  degradation  was  observed  in  their  mixed 
culture  tests.  Wilson  et  al.  (236)  tried  to  assess  the  extent  of  biodegradation  in 
laboratory  soil  columns  and  found  that,  for  tetrachloroethylene,  the  percent  of  the 
original  amount  degraded  per  week  was  about  1.  However,  the  authors  indicated  that 
hydrolysis  could  have  been  the  cause  of  degradation. 

17.2J  Primary  Routes  of  Exposure  From  Soil/  Systems 

The  above  discussion  of  fate  pathways  suggests  that  tetrachloroethylene  is  highly 
volatile  in  aqueous  solutions,  moderately  adsorbed  by  soil  and  has  a  low  potential  for 
bioaccumulation.  This  compound  may  volatilize  from  soil  surfaces,  but  that  portion 
not  removed  by  volatilization  may  eventually  migrate  to  ground-water.  These  fate 
characteristics  suggest  several  potential  exposure  pathways. 

Volatilization  of  tetrachloroethylene  from  a  disposal  site,  particularly  during 
drilling  or  restoration  activities,  could  result  in  inhalation  exposures.  In  addition,  the 
potential  for  ground-water  contamination  is  high,  particularly  in  snndy  soils.  Mitre 
Corp.  (83)  reported  that  tetrachloroethylene  has  been  found  at  57  of  the  546 
National  Priority  List  (NPL)  sites.  It  was  detected  at  47  sites  in  ground-water,  17 
sites  in  surface  water  and  3  sites  in  air.  The  potential  for  exposure  through  drinking 
water  is  confirmed  by  the  pervasiveness  of  tetrachloroethylene  in  ground-water 
sources  of  drinking  water  in  the  United  States.  The  USEPA  (62,  64)  reported  the 
following  results  from  a  variety  of  surveys  of  drinking  water  supplies: 
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Survey  No.  Sampled  No.  Positive  Range  of  Positives 

3S6  6^  Trace  -  1000  n%fL 

113  48  0.2  -  3.1  Mg/L 

142  24  Trace  0  3.2  ng/L 

452  22  0.5  -  30  n%JL 

466  34  0.2  -  23  Mg/L 


The  state  data  include  only  ground-water  sources  and  were  compiled!  from 
various  state  reports  on  local  contamination  problems.  The  state  data  ar^  not 
considered  to  be  statistically  representative  of  national  occurrence.  The  Rational 
Organics  Monitoring  Survey  (NOMS)  included  data  from  both  ground  arid  surface 
water  supplies,  as  did  the  National  Screening  Program  (NSP)  and  the  Cdmmunity 
Water  Supply  Study  (CWSS).  The  USEPA  (531)  Ground-water  Supply  purvey 
(GWSS)  is  the  most  recent  study.  This  survey  sampled  a  total  of  almost!  1000 
drinking  water  systems  using  ground-water;  4^  selected  at  random,  and  about  400 
selected  by  the  state  as  potentially  contaminated.  The  random  results  surest  that 
tetrachloroethylene  is  a  common  contaminant  in  drinking  water,  particularly  in 
ground-water  as  evidenced  by  the  state  reports  of  contamination  problems.  The 
USEPA  (64)  estimates  about  3.6%  of  the  nation’s  ground-water  supplies  are 
contaminated  with  tetrachloroethylene  (^0.5  /ig/L). 

These  results  indicate  that  tetrachloroethylene  has  the  potential  for  movement  in 
soil/ground-water  systems.  This  compound  may  eventually  reach  surface  waters  by 
this  mechanism,  suggesting  several  other  exposure  pathways: 

•  Surface  waters  may  be  used  as  drinking  water  supplies,  resulting  in  direct 
ingestion  exposure. 

•  Aquatic  organisms  residing  in  the^  waters  may  be  consumed,  also 
resulting  in  ingestion  exposure. 

•  Recreational  use  of  these  waters  may  result  in  dermal  exposure. 

i 

•  Domestic  animals  may  consume  or  be  dermally  exposed  to  contaminated 
ground-  or  surface  waters;  the  consumption  of  meats  and  poultry  could 
then  result  in  ingestion  exposures. 

In  general,  exposures  associated  with  surface  water  contamination  can  be 
expected  to  be  lower  than  exposure  from  drinking,  or  shcfwering  in  contiiminated 
ground-water.  The  Henry’s  law  constant  for  tetrachloroethylene  suggest^  that  it  will 
volatilize  upon  reaching  surface  waters.  In  addition,  the  bicconcentration  factor  for 
this  compound  is  low,  suggesting  limited  bioaccumulation  in  aquatic  organisms  or 
domestic  animals.  ! 


State  Data 
NOMS 
NSP 
CWSS 

GWSS  (Random  Data) 
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17^4  Other  Sources  of  Exposure 

Tetrachioroethylene  is  a  widely  used  organic  solvent,  predominantly  in  the 
drycleaning  industry,  by  textile  manufacturers,  and  in  metal  degreasing  operations.  As 
a  result  of  emissions  during  production,  use,  and  disposal,  and  because  of  its  high 
volatility,  tetrachioroethylene  has  become  pervasive  in  the  environment  The  data 
reported  in  the  previous  section  show  that  this  is  a  common  contaminant  in  drinking 
water.  In  addition  to  its  presence  in  ground-water,  Coniglio  et  a1.  (223)  reported  that 
tetrachioroethylene  was  found  in  surface  water  supplies.  In  a  summary  of  data 
available  as  of  1980,  these  authors  reported  that  24.4%  of  the  180  finished  surface 
water  samples  were  contaminated  with  a  mean  concentration  of  1.49  /xg/L  of 
tetrachioroethylene. 

The  volatility  of  this  compound  suggests  that  it  may  be  found  in  air  as  well. 
Brodzinsky  and  Singh  (84)  compiled  all  available  atmospheric  monitoring  data  for  a 
number  of  volatile  organics.  For  tetrachioroethylene,  they  had  data  for  2553 
locations.  In  rural  and  remote  locations,  the  median  concentration  was  1.4  /ig/m’.  In 
urban  and  suburban  locations,  the  median  concentration  was  2.3  Mg/m\  and  in 
source-dominated  areas,  the  median  concentration  was  4.8  /xg/m^  These  results 
suggest  that  inhalation  exposure  occurs  even  in  rural  and  remote  areas. 


17J  HUMAN  HEALTH  CONSIDERATIONS 

173.1  Animal  Studies 

173.1.1  Carcinogenicity 

Tetrachioroethylene  is  an  apparent  liver  carcinogen  in  mice.  In  a  study 
conducted  by  the  National  Cancer  Institute,  USP-grade  tetrachioroethylene  was 
administered  in  com  oil  by  gavage  to  male  and  female  B6C3F|  mice  and  Osborne- 
Mendel  rats  5  days  per  week  for  78  weeks.  The  high  smd  low  time-weighted  average 
doses  were  941  and  471  mg/kg/day  for  male  rats,  949  and  474  mg/kg/day  for  female 
rats,  1072  and  536  mg/kg/day  for  male  mice  and  772  and  386  mg/kg/day  for  female 
mice.  Hepatocellular  carcinoma  was  found  in  40%  to  65%  of  all  treated  mice 
compared  to  0-10%  incidence  in  controls.  A  high  rate  of  toxic  nephropathy  was 
observed  in  both  species.  The  high  incidence  oi  early  dose-related  deaths  in  rats  of 
both  sexes  due  to  toxic  nephropathy  rendered  the  bioassay  inconclusive  for  rats  (163). 

In  a  recently  completed  NTP  inhalation  study,  F344/N  rats  and  B6C3F,  mice 
were  exposed  to  vapor  concentrations  of  200  or  400  ppm  and  100  or  200  ppm  of 
tetrachioroethylene  (99.9%  pure),  respectively,  6  hours  daily,  5  days  per  week,  for  103 
weeks  (793).  Gear  evidence  of  carcinogenicity  was  noted  for  both  rats  and  mice 
(793,  802).  Both  male  and  female  B6  mice  at  both  treatment  levels  exhibited 
increased  incidences  of  hepatocellular  carcinoma.  In  rats  (both  sexes),  tetrachloro- 
cthylene  exposure  was  associated  with  increased  incidences  of  mononuclear 
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cell  leukemia.  There  was  also  a  low  incidence  (6-8%)  of  renal  tubular  cell 
adenomas/adenocarcinomas  (combined),  rare  turnon  in  F344/N  rats. 

In  an  inhalation  study,  male  and  female  rats  were  exposed  to  300  and  600  ppm 
(2010  or  4020  mg/m’)  for  12  months.  Increased  mortality  was  observed  in  male  rats 
exposed  to  600  ppm.  This  was  attributed  to  chrotuc  renal  disease  brought  about  by 
the  tetrachloroethylene  exposure.  No  statistically  significant  increase  in  tumor 
incidence  was  seen,  although  there  was  a  slight  increase  in  adrenal  pheochromo- 
cytoma  in  low-dose  females  (165). 

lARC  (3317)  currently  lists  tetrachloroethylene  in  category  2B  (inadequate 
human  evidence  and  sufficient  animal  evidence)  in  its  weight-of-evidence  ranking  for 
potential  carcinogens.  EPA  (3808)  lists  the  chemical  in  Group  B2  (inadequate 
human  evidence  and  sufficient  animal  evidence).  The  USEPA  SAB,  however, 
concluded  that  the  chemical  should  be  listed  in  Group  C  The  USEPA  is  soliciting 
public  comments  on  this  issue. 

173.1.2  Genotandty 

Negative  findings  for  tetrachloroethylene  have  been  re^xsrted  in  bacterial 
mutagenicity  assays  with  Salmonella  tvphimurium  (149,  3276)  with  and  without 
activation  and  with  Escherichia  coli  K12  (156)  with  microsomal  activation.  Positive 
Endings  were  reported  by  Cerna  and  Kypenova  (153),  who  found  increased  mutagenic 
activity  in  one  strain  of  Salmonella  tvphimurium  without  metabolic  activation.  TTiey 
also  reported  positive  results  in  a  host-mediated  assay  in  mice  with  three  strains  of  S. 
tvDhimurium  at  1/2  LD,*  and  LD^  levels.  No  evidence  of  dose-dependence  was  seen. 

High  purity  tetrachloroethylene  produced  no  reversions  in  Salmonella  when  vapor 
phase  exposure  was  used  in  two  strains  (TAIOO  and  TA1535)  of  the  five  standard 
strains  usually  tested  with  or  without  metabolic  activation.  The  other  three  strains 
were  also  negative  (3644).  In  this  same  study,  tetrachloroethylene  with  stabilizers 
induced  revertants  but  only  at  toxic  doses. 

No  significant  increase  in  unscheduled  DNA  synthesis  activity  was  observed  in  rat 
bepatocytes  with  any  sample  of  tetrachloroethylene  used,  pure  or  stabilized  (3644). 
Chinese  hamster  ovary  celb  treated  with  tetrachloroethylene  with  and  without 
metabolic  activation  showed  no  increase  above  controls  for  sister  chromatid  exchanges 
or  chromosomal  aberrations  (3235),  nor  did  it  induce  sex-linked  recessive  lethals  in 
the  geim  cells  of  Drosophila  when  it  was  injected  or  fed  to  males  (3976). 

Negative  results  were  also  obtained  in  an  in  vivo  cytogenetics  study  of  peripheral 
blood  lymphocytes  obtained  from  workers  exposed  to  10-92  ppm  tetrachloroethylene 
for  periods  ranging  from  2  months  to  18  years  (582). 
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173.13  Teratogenicity,  Embiyotoxicity  and  Rqxoducdve  Effects 

Schwetz  et  al.  (115)  examined  the  teratogenic  effects  of  tetrachloroethylene  in 
rats  and  mice.  The  animals  were  exposed  to  vapor  levels  of  300  ppm  7  hours/day  on 
days  6  through  15  of  gestation.  The  investigators  concluded  that  tetrachloroethylene 
had  little  effect  on  embryonic  and  fetal  development  and  that  it  was  not  teratogenic. 
However,  there  were  a  number  of  modest  but  statistically  significant  deviations  from 
controls.  These  included  increased  incidences  of  subcutaneous  edema,  delayed 
ossification  of  skull  bones  and  split  stemebrae  in  mice.  Rats  exhibited  a  significant 
decrease  in  maternal  weight  gain  and  an  increase  in  the  percentage  of  fetal 
resorptions.  In  a  study  to  determine  embryotoxicity  during  the  preimplantation  period, 
Spielmann  e:  al.  (3678)  observed  that  the  maternal  LD,«  and  embryonic  LD^  for 
tetrachloroethylene  in  mice  had  the  same  value,  4.3  mg^g.  This  indicates  that  there 
is  no  risk  of  embryolethality  in  early  gestation.  No  teratogenicity  was  observed  in  this 
study.  Pregnant  rats  were  exposed  by  inhalation  to  900  ppm  tetrachloroethylene  for 
7  hours/day  during  gestational  days  7-13  or  14-20  in  a  study  by  Nelson  et  al.  (3492). 
Seven  behavioral  tests  were  selected  as  measures  of  CNS  Unctions  at  several  stages 
of  development.  The  dams  consumed  less  food  and  gained  less  weight  during  the 
exposure  period  than  did  the  controls.  The  treated  pups  performed  more  poorly  on 
some  tests;  however,  in  later  tests  the  pups  exposed  on  days  14-20  were  found 
superior  in  the  rotorod  and  open  field  tests.  The  investigators  stated  that  there  were 
generally  few  behavioral  or  neurochemical  differences  observed  between  the  offspring 
of  the  treated  and  control  animals. 

173.1.4  Other  Toxicologic  Effects 

173.1.4.1  Short-term  Toxidty 

Animals  exposed  to  tetrachloroethylene  by  inhalation  exhibit  central  nervous 
system  depression  as  well  as  effects  on  the  cardiovascular  system,  liver  and  kidney. 

Rats  did  not  survive  longer  than  12  to  18  minutes  when  exposed  to  vapor 
concentrations  of  12,000  ppm.  Concentrations  of  200  ppm  were  tolerated  for  up  to 
14  hours  while  3000  ppm  was  tolerated  for  4  hours  with  no  deaths.  Unconsciousness 
was  observed  within  a  few  minutes  at  concentrations  of  6000  ppm  or  above  and  after 
several  hours  at  3000  ppm.  The  predominant  response  at  these  levels  was  CNS 
depression  along  with  slight  changes  in  the  liver  (167).  LC5«  values  of  5200  ppm -4 
hr  (25)  and  5040  -8  hr  (12)  have  been  reported  for  mice  and  rats,  respectively. 

Eleven  consecutive  daily  oral  doses  at  levels  of  100,  250  or  1000  mg/kg  resulted 
in  Lver  changes  in  mice  at  all  dose  levels  and  in  rats  at  the  1000  mg/kg  level  (581). 
Oral  LDjo  values  of  8100  mg/kg  (mouse)  and  8850  mg/kg  (rat)  have  been  recorded  in 
the  literature  (59,  47). 

Kylin  et  al.  (160)  noted  moderate  fatty  degeneration  of  the  liver  in  mice  after  a 
single  4-houi  exposure  to  200  ppm.  Exposure  to  the  same  concentration  4  hours 
daily,  6  days  per  week  for  8  weeks,  increased  the  severity  of  the  lesions  caused  by 
tetrachloroethylene. 
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Rabbits  exposed  to  2790  ppm  4  hours  daily,  6  days  per  week  for  45  days, 
exhibited  reduoKi  glomerular  filtration  and  renal  plasma  flow  and  a  significant 
decrease  in  tubular  excretion  (151). 

Tetrachloroethylene  also  produces  cardiac  depression  and  decreased  blood 
pressure  but  has  not  been  found  to  sensitize  the  myocardium  to  epinephrine  (578). 

Duprat  et  aL  (155)  have  shown  tetrachloroethylene  to  be  a  primary  eye  and  skin 
irritant  in  rabbits.  Instillation  into  the  eye  product  conjunctivitis  and  epithelial 
abrasion.  However,  the  eyes  recovered  completely  within  2  weeks.  Tetrachloro¬ 
ethylene  also  produced  a  severe  irritant  effect  when  a  single  application  was  made  to 
the  sldn  of  rabbits. 

The  role  of  metabolism  in  the  hepatotoxicity  of  tetrachloroethylene  has  been 
investigated  by  Buben  and  O’Flaherty  (3089).  Male  Swiss-Cox  mice  were 
administered  tetrachloroethylene  (0-2000  mg/kg/day)  by  gavage  for  6  weeks.  The 
extent  of  metabolism  was  estimated  by  quantiflcation  of  the  urinary  metabolites. 
Hepatotoxicity  was  assayed  by  changes  in  liver  weight,  triglyceride  level,  glucose-6- 
phosphate  activity,  and  SGPT  activity.  All  four  parameters  were  affected  by  tetra¬ 
chloroethylene.  Plots  of  the  hepatotoxicity  data  against  total  urinary  metabolites  were 
linear  suggesting  that  the  hepatotoxicity  of  the  agent  is  related  to  the  extent  of 
metabolism. 

In  another  study  by  Hayes  et  al.  (3277),  a  NOEL  of  14  mg/kg/day  was 
established  in  rats.  Groups  of  20  Sprague-Dawley  rats  of  both  sexes  were 
administered  tetrachloroethylene  at  doses  of  14,  400,  or  1400  mg/kg/day  in  drinking 
water.  Depressed  body  weights  were  observed  in  the  two  high-dose  groups. 

Equivocal  evidence  of  hepatotoxicity  was  also  observed  at  the  higher  doses. 

17J.1.4.2  Chronic  Toxidty 

Carpenter  (152)  exposed  rats  by  inhalation,  8  hour  per  day,  5  days  per  week  for 
up  to  7  months,  to  concentrations  of  70,  230  or  470  ppm.  All  animals  survived  with 
growth  comparable  to  that  of  the  controls.  At  70  ppm,  no  pathological  effects  were 
observed.  At  230  ppm,  pathological  changes  occurr^  in  both  the  liver  and  kidney. 
These  included  congestion  and  slight  swelling.  At  470  ppm,  the  injury  to  liver  and 
kidney  was  more  severe. 

In  another  chronic  inhalation  study,  Rowe  et  al.  (167)  exposed  rabbits,  monkeys, 
rats  and  guinea  pigs  to  concentrations  ranging  from  100  to  2500  ppm  for  7  hours 
daily,  6  days  per  week  for  up  to  6  months.  Rabbits,  rats  and  monkeys  showed  no 
effects  from  repeated  exposures  to  concentrations  up  to  400  ppm.  In  contrast,  guinea 
pigs  showed  a  marked  susceptibility  to  tetrachloroethylene.  They  exhibited  loss  of 
coordination,  weight  loss,  increased  liver  and  kidney  weights  and  fatty  degeneration  of 
the  liver  after  being  exposed  from  10  to  236  days  to  100  to  2500  ppm,  7  hours  per 
day.  Rabbits  exposed  to  2500  ppm,  7  hours  per  day  for  39  days,  exhibited  central 
nervous  system  depression  and  slight  liver  toxicity. 
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173^  Human  and  Epidemiologic  Studies 
1733.1  Sbort-tenn  Toxiooiogic  Effects 

In  man,  the  predominant  effect  of  short-term  inhalation  exposure  to  tetrachloro- 
ethylene  levels  above  200  ppm  (1340  mg/m’)  is  depression  of  the  central  nervous 
system  characterized  by  dizziness,  impaired  memory,  confusion,  irritability,  "inebriation- 
like”  symptoms,  tremors  and  numbness.  Kidney  impairment,  hepatitis  and 
enlargement  of  the  liver  and  spleen  have  also  been  reported,  but  are  not  uvell 
documented  (6,  S78). 

Individuals  exposed  to  21S-280  ppm  tetrachloroethylene  vapor  for  up  to  2  hours 
experienced  eye  irritation,  dizziness  and  incoordination;  recovery  was  complete  within 
one  hour  after  exposure  ceased  (167).  Five-minute  exposures  to  2000  ppm  produced 
mild  CNS  depression.  Exposures  of  ten  minutes  at  600  ppm  resulted  in  dizziness  and 
incoordination  (46).  In  an  industrial  exposure  to  an  average  concentration  of  275 
ppm  for  3  hours  followed  by  1100  ppm  for  30  minutes,  a  worker  lost  consciousness. 
Hiere  was  apparent  clinical  recovery  1  hour  after  exposure.  A  blood  level  of  2.5 
,  mg/L  tetrachloroethylene  was  reported  (168).  A  fatality  resulting  from  acute 
inhalation  of  tetrachloroethylene  has  been  reported  by  Levine  et  al.  (583).  Post¬ 
mortem  blood  levels  of  4.5  mg/L  indicate  a  sustained  exposure  above  200  ppm. 

Skin  contact  with  the  liquid  may  cause  dryness,  irritation,  blistering  and  bums.  In 
one  case,  a  drycleaning  worker  who  came  into  direct  contact  with  tetrachloroethylene 
was  found  unconscious;  redness  and  blistering  covered  over  30%  of  his  body.  He 
regained  full  consciousness  within  24  hours  and  bis  bums  gradually  healed  over  3 
weeks  (161).  In  another  case,  a  worker  was  discovered  lying  in  a  pool  of  the  solvent. 
He  had  been  unconscious  for  approximately  12  hours.  He  was  experiencing  hypo¬ 
tension  and  cyanosis  and  underwent  a  mild  seizure.  First  and  second  degree  bums 
were  seen  where  skin  had  been  in  direct  contact  with  tne  liquid.  There  was  also 
evidence  of  mild  liver  and  kidney  damage.  Recovery  was  complete  after  2!  days 
(157). 

Permanent  eye  injury  is  not  likely,  although  liquid  tetrachloroethylene  splashed  in 
the  eye  may  cause  pain  and  lacrimation  (12).  Moderate  eye  irritation  is  apparent  at 
vapor  concentrations  of  200  ppm  (19,  12). 

No  data  are  available  on  accidental  ingestion.  Oral  doses  of  2.8  to  4.0  mL 
tetrachloroethylene  were  formerly  used  as  intestinal  anthelmintics;  inebriation  was  the 
only  troublesome  side  effect  not^  in  46,000  treated  patients  (43). 

17332  Chronic  Toxicologic  Effects 

Very  little  data  are  available  concerning  the  effects  of  long-term  exposure  to 
tetrachloroethylene.  Medak  and  Kovarik  (162)  noted  subjective  complaints  such  as 
headache,  fatigue  and  dizziness  in  a  group  of  workers  occupationally  exposed  to  60 
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ppm  vapor  for  up  to  15  years.  Stewart  et  al.  (169)  noted  the  same  symptoms  after 
exposing  subjects  S.5  hours  daily  for  55  days  to  vapor  levels  of  25  or  100  ppm. 

Hepatotoxic  effects  resulting  from  long-term  exposure  to  tetrachloroethylene  have 
been  (kxumented  by  a  number  of  investigators  (57^  579).  In  most  studies,  the 
concentration  was  greater  than  100  ppm.  Effects  observ^  include  hepatitis,  cirrhosis, 
liver-cell  necrosis  and  enlarged  liver  (579).  Chronic  kidney  disease  has  also  been 
noted  (579). 

Epidemiology  studies  have  linked  tetrachloroethylene  exposure  with  cancer.  A 
study  of  330  deceased  laundry  and  drycleaning  workers  by  Blair  et  al.  (154)  indicated 
an  increased  number  of  cancer  deaths,  particularly  of  lung  caucer  and  cervical  cancer. 
This  proportional  mortality  analysis  has  many  pitfalls.  Indeed,  many  of  the  workers 
examined  by  Biair  and  his  colleagues  may  not  have  been  exposed  to  tetrachloro- 
ethyiene  at  all,  but  rather,  to  other  petroleum-based  solvents  such  as  Stoddard  solvent 
(580).  Kaplan  (580),  citing  unpublished  results,  states  that  a  significant  increase  in 
the  number  of  deaths  from  cancer  of  the  colon,  pancreas  and  urinary  organs  were 
found  in  a  retrospective  cohort  mortality  study  of  1597  drycleaning  workers  exposed 
to  tetrachloroethylene  for  at  least  one  year.  In  a  study  of  67  women  working  in  53 
dry  cleaning  shops  in  the  city  of  Rome,  Italy,  Boscn  et  aL  (3079)  found  no  overt 
reproductive  pathology.  Exposure  to  the  prevalent  dry  cleaning  solvent,  tetra- 
chloroethylene,  was  evaluate  by  the  trichloroacetic  acid  concentrations  in  the  urine. 
Exposure  of  the  workers  was  found  to  be  4  times  higher  than  that  of  the  controls. 

All  values  for  live  births,  birth  weights,  and  occurrence  of  malformations  in  the 
worker’s  children  were  similar  to  those  of  the  control  group.  The  percentage  of 
spontaneous  abortions  was  increased  (8.9%  vs  2.2%  for  controb);  however,  thb 
difference  was  not  statbtically  significant.  While  the  reproductive  outcome  indicates 
the  absence  of  reproductive  pathology,  the  small  sample  size  causes  the  findings  to  be 
considered  merely  tentative. 

1733  Levels  of  Concern 

For  the  maximum  protection  of  human  health  from  the  potential  carcinogenic 
effects  due  to  exposure  to  tetrachloroethylene  through  ingestion  of  contaminated 
water  and  contaminated  aquatic  organbms,  the  USEPA  (355)  has  specified  an 
ambient  water  quality  criterion  of  zero  for  thb  compound.  Since  attainment  of  a 
zero  level  may  be  infeasible  in  some  cases,  the  concentrations  of  tetrachloroethylene 
in  water  calculated  to  result  in  inciemental  lifetime  cancer  risks  of  lE-05,  lE-06  and 
lE-07  from  ingestion  of  both  water  and  contaminated  aquatic  organbms  were 
estimated  to  be  8,  0.8  and  0.08  /ig/L,  respectively  (355).  Rbk  estimates  are  expressed 
as  a  probaoility  of  cancer  after  a  lifetime  daily  consumption  of  two  liters  of  water  and 
6.5  g  of  Osh  that  have  bioaccumulated  the  compound.  Thus,  a  risk  of  lE-05  implies 
that  a  lifetime  consumption  of  two  liters  of  drinking  water  and  6.5  g  of  contaminated 
fish  at  the  criterion  level  of  8  ug  tetrachloroethylene  per  liter  would  be  expected  to 
produce  one  excess  case  of  cancer  above  the  normal  background  incidence  for  every 


TETRACHLOROETHYLENE 


17-23 


100,000  people  exposed.  It  should  be  emphasized  that  these  extrapolations  are  based 
on  a  number  of  assumptions  arid  should  be  taken  as  crude  estimates  of  human  risk  at 
best 

The  NTP  (79),  802)  categorizes  tetrachloroethylene  as  providing  clear  evidence 
of  carcinogenic  activity  in  both  mice  and  rats.  lARC  (3317)  currently  lists  tetra- 
chloroethyiene  in  Icategory  2B  (inadequate  human  evidence,  sufficient  animal 
evideiKe)  in  its  w^ight-of-evidence  ranking  of  potential  carcinogens. 


USEPA  (380^)  lists  the  chemical  in  Group  B2  (inadequate  human  evidence, 
sufficient  animal  cjvidence).  The  USEPA  (3808)  has  propo^  the  following  drinking 
water  standards:  Maximum  Contaminant  Level  Goal  (Proposed)  0  ngfU  Maximum 
Contaminant  Levdl  (Proposed)  5  ^g/L  The  following  health  advisories  are  in  effect 
10-kg  child:  one-d^y,  2  mg/L,  ten-day,  2  mg/L,  longer-term,  1  mg/L.  70-kg  adult: 
longer-term,  5  mg/L  They  also  reported  that  drinking  water  containing  70  fig/L 
would  increase  the  risk  of  cancer  by  one  individual/10,000  people  exposed. 

The  World  Health  Organization  (666)  has  proposed  a  tentative  health-related 
guideline  of  10  tetrachloroethylene  for  drinking  water;  daily  per  capita 
consumption  of  drinking  water  was  assumed  to  be  two  liters. 

OSHA  (3539)  currently  permits  exposure  to  25  ppm  (170  mg/m’)  averaged  over 
an  8-hour  work-shift.  The  ACGIH  (3005)  recommends  a  threshold  limit  value  of  50 
ppm  (335  mg/m’),  j  These  exposure  limits  were  selected  to  prevent  toxic  effects  other 
than  cancer. 


173.4  Hazard  Assesment 

Tetrachloroetlylene  exposure  has  been  linked  to  liver  carcinoma  in  B6C3F,  mice 
at  a  dose  of  386  tiig/kg  given  by  gavage;  test  resuits  were  negative  for  rats,  but  were 
confounded  by  poor  survival  (163).  Based  on  the  ingestion  data  in  mice,  the  USEPA 
(667)  calculated  a^i  upper-limit  incremental  unit  cancer  risk  of  6E-02[(mg/kg/day)E-01] 
for  tetrachloroethylene.  A  recently  completed  inhalation  study  conducted  with 
F344/N  rats  and  B6C3F,  mice  provided  clear  evidence  of  carcinogenic  activity  for 
tetrachloroethylene.  inducing  hepatocellular  carcinomas  in  mice  and  mononuclear  cell 
leukemia  in  rats  (793). 

The  chief  target  organs  of  tetrachloroethylene  toxicity  in  animals  are  the  liver 
and  kidney.  Livei[  enlargement,  fatty  degener'irion  and  abnormal  liver  function  testis 
as  well  as  kidney  damage,  particularly  to  the  proximal  convoluted  tubules,  have  been 
linked  to  tetrachldroethylene  exposure.  Disruption  of  the  central  nervous  system  has 
also  been  reported.  Howevi^r,  dose-response  relationships  for  these  effects  are 
unclear.  Mutagei^ic  findings  are  for  the  most  part,  negative.  There  are  no 
indications  of  reproductive  toxicity  for  tetrachloroethylene  in  humans. 
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The  predominant  effect  of  acute  exposure  to  high  concentrations  of  tetrachloro- 
ethylene  vapor  is  depression  of  the  central  nervous  system,  characterized  by  vertigo, 
confusion,  inebriation-like  symptoms,  tremon  and  numbness.  Kidney  impairment  and 
bcpatotoxic  effects  have  been  reported  after  accidental  exposures,  but  are  not  well 
(kxnimented.  The  lack  of  long-term  exposure  data  makes  assessment  of  long-term, 
low-level  exposure  to  tetrachloroethylene  in  drinking  water  difScult.  However,  the 
pronounced  toxic  nephropathy  observed  in  rodents  chronically  exposed  to  tetrachloro- 
etbylene  by  ingestion  and  the  increased  incidences  of  liver  carcinoma  in  mice  and 
leukemia  in  rats  raise  concerns  of  possible  human  health  effects  associated  with 
prolonged  exposure  to  tetrachloroethylene. 


17.4  SAMPLING  AND  ANALYSIS  CONSIDERATIONS 

Determination  of  tetrachloroethylene  concentrations  in  soil  and  water  requires 
collection  of  a  representative  Geld  sample  and  subsequent  laboratory  analysis.  Due  to 
the  volatility  of  tetrachloroethylene,  care  is  required  to  prevent  loss^  during  sample 
collection  and  storage.  Soil  and  water  samples  should  be  collected  in  airtight 
containers  vrith  no  headspace;  analysis  should  be  completed  within  14  days  of 
sampling.  However,  recent  studies  (3430)  show  large  losses  of  volatiles  from  soil 
handling.  At  the  present,  the  best  procedure  is  to  collect  the  needed  sample  in  an 
EPA  VOA  vial,  seal  with  a  foil-lined  septum  cap,  and  analyze  the  entire  contents  in 
the  vial  using  a  modiGed  purge  and  trap  apparatus.  In  addition  to  the  targeted 
samples,  quality  control  samples  such  as  Geld  blanki,  duplicates,  and  spiked  matrices 
may  be  speciGed  in  the  recommended  methods. 

EPA-approved  procedures  for  the  analysis  of  tetrachloroethylene,  one  of  the 
EPA  priority  pollutants,  in  aqueous  samples  include  EPA  Methods  601,  624,  and  1624 
(65)t  and  Methods  8010  and  8240  (65).  The  sample  introduction  technique  most 
useful  for  aqueous  samples  is  the  purge  and  trap  method.  An  inert  gas  is  bubbled 
through  the  aqueous  sample  in  a  purging  chamtwr  at  ambient  temperature, 
transferring  the  tetrachloroethylene  from  the  aqueous  phase  to  the  vapor  phase  and 
onto  a  sorbent  trap.  The  trap  is  then  heated  and  backGushed  to  desorb  the 
tetrachloroethylene  and  transfer  it  onto  a  gas  chromatographic  (GC)  column.  The 
GC  column  is  programmed  to  separate  the  volatile  organics;  tetrachloroethylene  is 
then  detected  with  a  halide  speciGc  detector  (Methods  601  and  8010)  or  a  mass 
spectrometer  (Methods  624,  1624,  and  8240).  For  samples  that  contain  high 
concentrations,  direct  injection  may  also  be  used.  The  generalized  procedure  for 
sample  preparation  for  the  analysis  of  volatile  organics  by  purge  and  trap  (Method 
5030)  (63)  also  recommends  that  samples  be  screened  prior  to  the  purge  and  trap 
step  to  prevent  contamination  of  the  system.  The  recommended  screening  techniques 
involve  the  analysis  of  a  headspace  sample  by  GC  with  photo-ionization  or  electrolytic 
conductivity  detectors  or  the  analysis  of  a  solvent  extract  by  GC  with  Game  ionization 
or  electrolytic  conductivity  detectors. 

The  EPA  procedures  recommended  for  tetrachloroethylene  analysis  in  soil  and 
waste  samples,  Methods  8010  and  8240  (63),  differ  from  the  procedures  for  aqueous 


TEraACHLOROETHYLENE 


17-25 


samples  primarily  in  the  methcxi  by  which  the  analyte  it  introduced  into  the  GC  The 
recommended  method  for  low  level  samples  (<  1  mg/kg)  involves  dispersing  the  soil 
or  waste  sample  in  water  and  purging  in  a  heated  purge  and  trap  device.  The  trap  is 
desorbed  and  analyzed  as  described  above.  Recently  introduced  wide  bore  capillary 
columns  show  promise  for  increasing  the  performance  of  the  GC  analysis  (3402,  3184, 
3443). 

Other  methods  that  have  been  used  to  quantitate  tetrachloroethylene  in  soil  and 
water  include  purge  and  trap  with  flame  ionization  detection  (3263)  and  solvent 
extraction  with  electron  capture  detection  (3352). 

Typical  tetrachloroethylene  detection  limits  that  can  be  obtained  in  aqueous 
samples  (including  wastewaters  without  interferences)  and  in  non-aqueous  samples 
(wastes,  soils,  etc.)  are  shown  below.  The  actual  detection  limit  achieved  in  a  given 
analysis  will  vary  with  instrument  sensitivity  and  matrix  effects. 


Aqueous  Detection  Limit 

0.03  Mg/L  (Method  601) 
4.1  /ig/L  (Method  624) 
10.0  /ig/L  (Method  1624) 
5.0  ntJL  (Method  8240) 
0.3  #ig/L  (Method  8010) 


Non-Aqueous  Detection  Limit 

5.0  Mg/^g  (Method  8240) 

0.3  Mg/kg  (Method  8010) 
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COMMON 
SYNONYMS; 
Benzene 
Benzol 
Benzole 
Carbon  Oil 
Coal  Naphtha 
PbenylhydrkJe 
Pyrobeiuol 


CAS  REG.  NO.;  FORMULA; 

71-43-2  C*H« 

NIOSH  NO; 

CY1400000 


STRUCTURE; 


0 


AJR  W/V  CONVERSION 
FACTORS  at  25’C  (12) 

3.19  ing/m’ s  1  ppm 
0.313  ppm  »  1  mg/m’ 


MOLECULAR  WEIGHT 
78.11 


REACTTVTTY 

Benzene  may  generate  heat,  react  vigorously,  and  possibly 
ignite  or  explode  in  contact  with  oxidizing  mineral  acids  or 
other  strong  oxidizing  agents  (507,  511,  505). 

•  Physical  State;  Liquid  (at  20“C) 

•  Color;  Colorless  to  light  yellow 

•  Odor;  Aromatic 

•  Odor  Threshold;  4.680  ppm  (15  mg/m’) 

•  Density;  0.8765  g/mL  (at  20“C) 

•  Freeze/Meit  Point:  5.50“C 

•  Boiling  Point:  80.10®C 

•  Flash  Point;  -ll.tXfC  closed  cup 

•  Flammable  Limits:  1.30  to  7.90  % 

PHYSICO-  by  volume 

CHEMICAL  •  Autoignition  Temp.:  560.0  to 

DATA  592.0"C 

•  Vapor  Pressure:  7.60E+01  mm  Hg 

(at  20“C) 

•  Satd.  Cone,  in  Air:  3.1900E-I-05  mg/m’ 

(at  2(rC) 

•  Solubility  in  Water;  1.78E+03  mgE 

(at  20") 

•  Viscosity;  0.647  cp  (at  20®C) 

•  Surface  Tension:  2.9(XXiE+01  dyme/cm 
(at  2(fC) 

•  Log  (Octanol- Water 
Partition  Coeff.):  2.13 

•  Soil  Adsorp.  Coeff.:  6.50E-I-01 

•  Henry’s  Law  Const.;  5.43E-03  atm  ■  m’/ 
mol  (at  25‘’C) 

•  Bioconc.  Factor:  6.50E+00  (estim) 


(60.504,506) 

(60,504,510) 
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PERSISTENCE 
IN  THE  SOIL- 
WATER 
SYSTEM 


Benzene  is  expected  to  be  fairly  mobile  in  the  soil/ 
ground-water  system.  Transport  with  infiltration  water  is 
expected  particularly  in  sandy  soils  and  soils  of  low 
organic  content  Volatilization  of  material  near  the 
surface  or  in  the  soil-air  compartment  may  be  important 
Transformation  processr.s  such  as  hydrolysis  and 
biodegradation  are  not  expected  to  be  significant  in 
natural  soils;  however,  biodegradation  by  acclimated 
populations  has  been  reported. 


The  primary  pathway  of  concern  from  a  soil-water  sy- 

PATHWAYS 

stem  is  the  migration  of  benzene  to  groundwater  drink- 

OF 

ing  water  supplies.  Migration  has  commonly  occurred  in 

EXPOSURE 

the  past  Inhalation  resulting  from  volatilization  from 
surface  soils  may  also  be  important 

Signs  and  Symptoms  of  Short-term  Human  Exposure: 
ri2.  45) 


The  primary  effects  of  inhalation  and  ingestion  are  on  the 
central  nervous  system.  Symptoms  include  headache, 
dizziness,  drowsiness  and  nausea  which  may  progress  to 
convulsions,  respiratory  paralysis  and  death  with  high  vapor 
concentrations.  Benzene  causes  irritation  of  the  eyes  and 
skin. 


HEALTH 

HAZARD 

DATA 


Acute  Toxicity  Studies:  (3504) 
INHALATION: 


LClo  6380  mg/m’  •  5  min 

Human 

TQ^  319  mg/m’ 

Human 

LCj,  31900  mg/m’  •  7  hr 

LCu,  146000  mg/m’ 

Rat 

Dog 

LCl,  170000  m^m’ 

at 

LQ,  31836  m^m’ 

LC^  65  m^m’  •  5  year 

Mouse 

Human 

TCu  670  mg/m’ 

Human 

ORAL: 

LDi^  50  mg/kg 

Man 

LDj,  2000  mg/kg 

Dog 

LD«,  4700  irg/kg 

Mouse 

LD,,  3306  mg/kg 

Rat 

BENZENE 
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Pregnancy/Neonate  Data:  Embryotoxicity  and  fetotoxicity 

HEALTH 

at  matemallv  toxic  doses. 

HAZARD 

Genotoxicitv  Data:  Mixed  results 

DATA 

Carcinogenicity  Qassification: 

(Cont.) 

lARC  -  Group  1  (carcinogenic  to  humans) 

NTP  -  Clear  evidence 

EPA  -  Group  A  (human  carcinogen) 

Handle  chemical  only  with  adequate  ventilation. 

•  Vapor  concentrations  of  10-50  ppm:  supplied-air 
respirator  or  self-contained  breathing  apparatus 

•  50-1000  ppm;  supplied-air  respirator  or  self-contained 
breathing  apparatus  with  full  facepiece.  ^  1000-2000  ppm: 
supplied-air  respirator  operated  in  pressure-  demand, 
positive-pressure  or  continuous  flow  mode. 

•  Butyl,  natural  rubber,  neoprene,  nitrile,  viton,  PE  PVC 
or  other  protective  clothing  to  prevent  prolonged  or 
repeated  sidn  contact  with  the  liquid.  •  Chemical  goggles 
if  there  is  possibility  of  eye  contact. 


ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS  AND 

CRITERIA 


AIR  EXPOSURE  LIMITS: 

Standards 

•  OSHA  TWA  (8-hr):  1  ppm;  STEL  (15  min):  5  ppm 

•  AFOSH  PEL  1  ppm;  STEL  (15-min):  5  ppm 

Criteria 

•  NIOSH  IDLH  (30-min):  2000  ppm  (15  min) 

•  NIOSH  REL  (8-hr  TWA):  0.1  ppm;  1  ppm  ceiling  (15-min) 

•  ACGIH  TLV®  (8-hr  TWA):  10  ppm  (A2,  suspected  human  carcinogen) 

•  ACGIH  STEL  (15-min):  deleted 


HANDLING 

PRECAUTIONS 

(54.52) 


ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS  AND 

CRITERIA  (Cont.)  ] 


WATER  EXPOSURE  LIMITS: 


>rinking  Water  Standards  (3742) 
MCLG:  Omk/L 
MCL:  5  fig/L 


In  the  absence  of  formal  drinking  water  standards  the  Ef  A  has  developed  the 
following  Health  Advisories  which  provide  specific  advice  on  the  levels  of 
contamionants  in  drinking  water  at  which  adverse  health  effects  would  not  be 
anticipated. 

-  1-day  (child):  200  ng/L 

-  10-day  (child):  200  /ig/L 

-  lE-04  cancer  risk  level:  100  /ig/L 

WHO  Drinking  Water  Guideline 

A  health  based  guideline  for  drinking  water  of  10  /ig/L  is  recommended  for 
benzene.  A  daily  per  capita  consumption  of  two  liters  was  assumed. 

EPA  Ambient  Water  Quality  Criteria  I 


EPA  Ambient  Water  Quality  Criteria 

•  Human  Health  (355) 

Based  on  ingestion  of  ingestion  of  contaminated  i-ater  and  aquatic 
organisms  (lE-05,  lE-06,  lE-07  cancer  risk).  6.6  g'L,  0.66  /ig/L  0.066 

j 

Based  on  ingestion  of  contaminated  aquatic  organisms  only,  (lE-05, 
lE-06,  lE-07  cancer  risk),  400  /ig/L,  40.0  /igiL.  4i/ig/L. 

-  Based  on  ingestion  of  drinking  water  only  (lE-04,  lE-06,  lE-07  cancer 
risk)  6.7  /ig/L,  0.67  /ig/L,  0.067  /ig/L  j 

•  Aquatic  Life  (355)  j 

Freshwater  species 

acute  toxicity:  ! 

no  criterion,  but  kwest  effect  level  occurs  at  5300  /ig/L 
chronic  toxicity: 

no  criterion  established  due  to  insufficient  data.  | 


Saltwater  species 
acute  toxicity: 

no  criterion,  but  lowest  effect  level  occurs  at  5100  /igL. 
chronic  toxicity;  | 

no  criterion,  but  adverse  effects  occur  at  concentrations  as 
low  as  700  /ig/L  with  a  fish  species  exjxjsed  for  )68  days. 

REFERENCE  DOSES:  I 

No  reference  dose  available.  ! 


REGULATORY  STATUS  (as  of  Ol-MAR-89) 


Promulgated  Regulations 
Federal  Programs 

Qean  Water  Act  (CWA) 

Benzene  is  designated  a  hazardous  substance.  It  has  a  reportable 
quantity  (RQ)  l^t  of  454  kg  (347,  3764).  It  is  also  listed  as  a  toxic 
pollutant,  subject  to  general  pretreatment  regulations  for  new  and 
existing  source^,  and  effluent  standards  and  guidelines  (351,  3763). 
Effluent  limitations  have  been  set  for  benzene  in  the  following  point 
source  categories:  iron  and  steel  manufacturing  (354),  electroplating 
(3767),  organic  chemicals,  plastics,  and  synthetic  Hbers  (3777),  steam 
electric  power  generating  (3802,  metal  molding  and  casting  (892), 
and  metal  finishing  (3768).  Limitations  vary  depending  on  the  type 
of  plant  and  industry. 

Safe  Drinking  Water  Act  (SDWA) 

Benzene  is  on  the  list  of  ^  contaminants  required  to  be  regulated 
under  the  SDWA  of  1974  as  amended  in  19^  (3781).  Benzene  has 
a  maximum  contaminant  level  (MCL)  of  0.005  mgl,  and  a  maximum 
contaminant  level  goal  (MCLG)  of  zero  (3773,  3772).  In  states  with 
an  approved  Underground  Injection  Control  program,  a  permit  is 
required  for  the  injection  of  benzene-  containing  wastes  designated 
as  hazardous  under  RCRA  (295). 

Resource  Conservation  and  Recovery  Act  (RCRA) 

Benzene  is  identified  as  a  toxic  ignitabie  hazardous  waste  (U019) 
and  listed  as  a  hazardous  waste  constituent  (3783,  3784). 

Non-specific  sources  of  benzene-  containing  waste  are  the 
production  of  chlorinated  aliphatic  hydrocarbons,  and  spent  solvents 
containing  10%  or  more  of  benzene  (325).  Waste  streams  from  the 
following  industries  contain  benzene  and  are  listed  as  specific 
sources  of  toxic  hazardous  w.iste:  organic  chemicals  (production  of 
chlorobenzenes,  nitrobenzenes  and  aniline),  petroleum  refining,  and 
coking  operations  (3116,  3117).  Benzene  is  subject  to  land  disposal 
restrict'  ns  when  its  concentration  as  a  hazardous  constituent  of 
certain  vastewaters  exceeds  designated  levels  (3785).  Effective 
November  8,  1988,  the  land  disposal  of  certain  untreated  benzene- 
containing  hazardous  wastes  is  prohibited.  These  wastes  must  be 
treated  according  to  Best  Demonstrated  Available  Technology 
(BOAT)  treatment  standards  before  they  can  be  disposed.  Certain 
variances  exist  until  May,  1990  for  other  benzene-containing 
hazardous  wastes  for  which  BOAT  treatment  standards  have  not 
been  promulgated  by  EPA  (3786).  Benzene  is  included  on  EPA’s 
ground-water  monitoring  list  EPA  requires  that  all  hazardous  waste 
treatment,  storage,  and  disposal  facilities  monitor  their  ground-water 
for  chemicals  on  this  list  when  suspected  contamination  is  first 
detected  and  annually  thereafter  (3775). 
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Comprehensive  Environmental  Response  Compensation  and  Liability  Act 
(CERCLA) 

Benzene  is  designated  a  hazardous  substance  under  CERCLA  It  has  a 
reportable  quantity  (RQ)  limit  of  454  kg.  Reportable  quantities  have  also 
been  issued  for  RCRA  hazardous  waste  streams  containing  benzene  but 
these  depend  upon  the  concentration  of  the  chemicals  present  in  the 
waste  stream  (3766).  Under  SARA  Title  HI  Section  313,  manufacturers, 
processors,  importers,  and  users  of  benzene  must  report  annually,  to  EPA 
and  state  officials,  their  releases  of  this  chemical  to  the  environment 
(3787). 

Oean  Air  Act  (CAA) 

Benzene  is  a  hazardous  air  pollutant  and  is  subject  to  national  emission 
standards  for  fugitive  emission  sources  (2803). 

Marine  Protection  Research  and  Sanctuaries  Act  (MPRSA) 

Ocean  dumping  of  organohalogen  compounds  as  well  as  the  dumping  of 
known  or  suspected  carcinogens,  mutagens  or  teratogens  is  prohibited 
except  when  they  are  present  as  trace  contaminants.  Permit  applicants 
are  exempt  from  these  regulations  if  they  can  demonstrate  that  such 
chemical  constituents  are  non-toxic  and  non-bioaccumulative  in  the  marine 
environment  or  are  rapidly  rendered  harmless  by  physical,  chemical  or 
biological  processes  in  the  sea  (309). 

Occupational  Safety  and  Health  Act  (OSHA) 

Employee  exposure  to  benzene  shall  not  exceed  an  8-hour  time-weighted 
average  (TWA)  of  1  ppm  or  STEL  (15-min)  of  5  ppm  shall  not  be 
exceeded  at  any  time  during  an  8-hour  work-shift.  Some  industries  may 
be  exempt  from  these  standards  (3539). 

Hazardoas  Materials  Transportation  Act  (HMTA) 

The  Department  of  Transportation  has  designated  benzene  as  a  hazardous 
material  with  a  reportable  quantity  of  454  kg,  subject  to  requirements  for 
packaging,  labeling  and  transportation  (3180). 

Food.  Drug  and  Cosmetic  Act  (FDCA) 

Benzene  is  approved  for  use  as  an  indirect  food  additive  as  component 
of  adhesives  (3209). 

State  Water  Programs 
ALL  STATES 

Al  states  have  adopted  EPA  Ambient  Water  Quality  Criteria  and 
NPDWRs  (see  Water  Exposure  Limits  section)  as  their  promulgated  state 
regulations,  either  by  narrative  reference  or  by  relisting  the  specific 
numeric  criteria.  These  states  have  promulgated  additional  or  more 
stringent  criteria: 
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Alabama  requires  that  the  annual  average  maximum  contaminant  level  of 
benzene  not  exceed  5  ^g/L  in  drinking  water.  This  applies  to  all 
community  water  systems  and  non-community  non-transieiit  water  systems 
(3015). 


California  has  an  action  level  of  0.7  ng/L  and  an  MCL  of  1  ng/L  for 
benzene  in  drinking  water  (3098,  3096). 


Connecticut  has  an  action  level  and  a  quantification  limit  of  1  /ig/L  for 
drinking  water  (3138,  3137). 

STRICT  OF  COLUMBIA 


The  District  of  Columbia  has  a  human  health  criterion  of  0.8  ng/L  for 
public  water  supply  surface  waters  (3828). 

FLORIDA 

Florida  has  set  an  MCL  of  1  ng/L  for  drinking  water  (3219). 

NEW  JERSEY 

New  Jersey  has  set  an  MCL  of  1  ngfL  for  benzene  in  drinking  water 
(3497). 

NEW  MEXICO 

New  Mexico  has  a  water  quality  criterion  of  0.01  mg/L  for  ground-water 
(3499). 

OKLAHOMA 

Oklahotria  has  set  a  nonenforceable  Toxic  Substance  Goal  of  0.66  ng/L 
for  surface  waters  used  for  public  and  private  water  supply,  a  water 
quality  criterion  of  2200  ^g/L  for  fish  and  wildlife  propagation  surface 
waters,  and  a  maximum  contaminant  level  of  0.2  ^igh^  for  ground-water 
(3534). 


Pennsylvania  has  a  human  health  criterion  (cancer  risk  level)  of  1  /sg/'L 
for  surface  waters  (3561). 


Rhode  Island  has  an  acute  freshwater  quality  guideline  of  265  yg/L  and 
a  chronic  guideline  of  5.9  ^g/L  for  the  protection  of  aquatic  life  in 
surface  waters.  These  guidelines  are  enforceable  under  Rhode  Island 
state  law  (3590). 
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WISCONSIN 

Wisconsin  has  a  preventive  action  limit  of  0.067  ^g/L  and  an  enforcement 
standard  of  0.67  /ig/L  for  benzene  in  ground-water  (3840). 

Proposed  Regulations 
Federal  Programs 

Qean  Air  Act  (CAA) 

EPA  has  proposed  four  different  NESHAPs  for  benzene  emissions, 
depending  on  the  source  of  emissions:  14  kg/day  for  equipment  leaks 
(fugitive  emission  sources),  0.34  kg/day  for  coke  by-product  recovery 
plants,  0.47  kg/day  for  benzene  storage  vessels,  and  5.5  kg/day  for 
ethyibenzene/styrene  plants.  Final  action  on  the  proposal  is  expected  by 
August,  1989  (3788,  3683). 

Resource  Conservation  and  Recovery  Act  (RCRA) 

EPA  has  proposed  listing  wastestreams  from  the  production  of 
acrylonitrile  in  the  organic  chemicals  industry  as  specific  sources  of 
benzene-containing  hazardous  waste  (3795).  EPA  has  proposed  that 
solid  wastes  be  listed  as  hazardous  in  that  they  exhibit  the  characteristic 
defined  as  EP  toxicity  when  the  TCLP  extract  concentration  is  equal  to 
or  greater  than  0.07  mg/L  benzene.  Final  promulgation  of  this  Toxicity 
Characteristic  Rule  is  expected  in  June,  19^  (1565,  3683). 

Slate  Water  Programs 
MOST  STATES 

Most  states  are  in  the  process  of  revising  their  water  programs  and 
proposing  changes  to  their  regulations  which  will  follow  EPA’s  changes 
when  they  become  final.  Contact  with  state  officers  is  advised.  Changes 
are  projected  for  1989-90  (3683). 

MINNESOTA 

Minnesota  has  proposed  a  Sensitive  Acute  Limit  (SAL)  of  2792  n%[L 
for  designated  surface  waters,  and  chronic  criteria  of  5  tig/L  for  ground- 
water,  5.2  tig/L  for  cold  surface  waters,  and  6.1  ^g/L  for  other  designated 
surface  waters.  These  criteria  are  for  the  protection  of  human  health 
(3452). 

NEW  JERSEY 

New  Jersey  has  proposed  a  water  quality  criterion  of  1  ^g/L  for  class 
FW2  surface  waters  (34%). 
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Direct  discharge  into  ground-water  (i.e.,  without  percolation  through  the 
ground  or  su^il)  of  organohalogen  compounds  and  substances  which 
may  form  such  compounds  in  the  aquatic  environment,  substances  which 
possess  carcinogenic,mutagenic  or  teratogenic  properties  in  or  via  the 
aquatic  environment,  and  mineral  oils  and  hydrocarbons  is  prohibited. 
Appropriate  measures  deemed  necessary  to  prevent  indirect  discharge  into 
ground-water  (i.e.,  via  percolation  through  ground  or  subsoil)  of  these 
substances  shall  be  taken  by  member  countries. 


assification.  Packaging 


Dangerous  Preparations  (Solvents)  (544) 

Benzene  is  listed  as  a  Gass  I/a  toxic  substance  and  is  subject  to  packaging 
and  labeling  regulations. 

Directive  on  the  Discharge  of  Dangerous  Substances  (535) 
Organohalogens,  carcinogens  or  substances  which  have  a  deleterious 
effect  on  the  taste  and/or  odor  of  human  food  derived  from  aquatic 
environments  cannot  be  discharged  into  inland  surface  waters,  territorial 
waters  or  internal  coastal  waters  without  prior  authorization  from  member 
countries  which  issue  emission  standards.  A  system  of  zero-emission 
applies  to  discharge  of  these  substances  into  ground-water. 

Directive  on  Marketing  and  Use  of  Dangerous  Substances  (541) 
Benzene  is  not  permitted  in  toys  or  parts  of  toys  as  placed  on  the  market 
where  the  concentration  of  benzene  in  the  free  state  is  in  excess  of  5 
mg/kg  of  the  weight  of  the  toy  or  part  of  toy. 


Any  installation,  establishment,  or  undertaking  which  produces,  holds 
and/or  disposes  of  certain  toxic  and  dangerous  wastes  including  phenols 
and  phenol  compounds;  organic-halogen  compounds,  excluding  inert 
polymeric  materials  and  other  substances  referred  to  in  this  list  or  covered 
by  other  Directives  concerning  the  disposal  of  toxic  and  dangerous  waste; 
chlorinated  solvents;  organic  solvents;  biocides  and  phyto-  pharmaceutical 
substances;  ethers  and  aromatic  polycyclic  compounds  (with  carcinogenic 
effects)  shall  keep  a  record  of  the  quantity,  nature,  physical  and  chemical 
characteristics  and  origin  of  such  waste,  and  of  the  methods  and  sites  used 
for  disposing  of  such  waste. 

Directive  on  the  Qa.ssification._  Packaging  and  Labeling  of  Dangerous 


Substances  (787) 

Benzene  is  classified  as  a  flammable,  toxic  substance  and  is  subject  to 
packaging  and  labeling  regulations. 
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Directive  on  the  Approximation  of  the  Laws.  Regulations  and 
Administrative  Provisions  Relating  to  the  Classification.  Packaging  and 
Labeling  of  Dangerous  Preparations  (3980) 

The  labels  on  packages  containing  preparations  classified  as  very  toxic, 
toxic  or  corrosive  must  bear  the  safety  advice  S1/S2  and  S46  in  addition 
to  the  specific  safety  advice.  If  it  is  physically  impossible  to  give  such 
mformation,  the  package  must  be  accompanied  by  precise  and  easily 
understood  instructions. 

EEC  Pirective-ProtXKed  Resolution 

Resolution  on  a  Revised  List  of  Second-Category  Pollutants  (545) 
Benzene  is  one  of  the  second-category  pollutants  to  be  studied  by  the 
Commission  in  the  programme  of  action  of  the  European  Communities 
on  Environment  in  order  to  reduce  pollution  and  nuisances  in  the  air 
and  water.  Risk  to  human  health  and  the  environment,  limits  of  pollutant 
levels  in  the  environment,  and  determination  of  quality  standards  to  be 
applied  will  be  assessed. 


ben: 
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l&l  MAJOR  USES 

In  the  past,  benzene  was  widely  used  as  a  solvent.  As  its  adverse  health  effects 
became  kr  own,  usage  declined  to  the  point  where  it  is  now  minimal.  At  present, 
most  benz;ne  is  consumed  in  the  chemical  industry  where  it  is  used  as  a  starting 
material  for  the  synthesis  of  other  organic  compounds  (2,  518,  3887).  Prior  to  World 
War  n,  th;  major  use  for  benzene  was  as  an  octane-raising  additive  in  gasoline. 
When  benzene  is  used  in  this  manner,  it  is  not  added  to  the  gasoline  pool  as  pure 
benzene  bjt  rather  as  a  mixture  of  benzene,  toluene  and  xylene  (21,  43,  518). 
Presently,  its  use  in  this  area  is  minor.  However,  benzene  remains  an  important 
contaminant  of  gasoline.  Gasoline  used  in  the  U.S.  contains  from  0.8  to  Z0% 
benzene. 


1&2  ENVIRONMENTAL  FATE  AND  EXPOSURE  PATHWAYS 
18J2.1  Tr^port  in  SoilATround-water  Systems 
18,2.1.1  Overview 

Benzepe  may  move  through  the  soil/greund-water  system  when  present  at  low 
concentrations  (dissolved  in  water  and  sorbed  on  soil)  or  as  a  separate  organic  phase 
(resulting  flrom  a  spill  of  significant  quantities  of  the  chemical).  In  general,  trinsport 
pathways  Of  low  soil  concentrations  can  be  assessed  by  equilibrium  partitioning,  as 
shown  in  liable  18-1. 


These  calculations  predict  the  partitioning  of  benzene  among  soil  particles,  soil 
water  and  soil  air.  The  portions  of  benzene  associated  with  the  water  and  air  phases 
of  the  soil  are  more  mobile  than  the  adsorbed  portion. 

The  cjjtimates  for  the  unsaturated  topsoil  model  indicate  that  most  of  the 
benzene  (88%)  is  expected  to  be  sorbed  to  the  soil.  A  much  smaller  (yet  significant) 
amount  (7%)  will  be  present  in  the  soil  water  phase  and  can  thus  migrate  by  bulk 
transport  (^.g.,  the  downward  movement  of  infiltrating  water),  dispersion  and 
diffusion.  For  the  portion  of  benzene  in  the  gaseoas  phase  of  the  soil  (5%), 
diffusion  through  the  soil-air  pores  up  to  the  ground  surface,  and  subsequent  removal 
by  wind,  will  be  a  significant  loss  pathway.  There  is  no  significant  difference  in  the 
partitioning  calculated  for  25°C  and  10°C. 

In  saturated,  deep  soils  (containing  no  soil  air  and  negligible  soil  organic  carbon), 
a  much  higjhcr  fraction  of  the  benzene  (79%)  is  likely  to  be  present  in  the  soil-water 
phase  (Table  18-1)  and  transported  with  flowing  ground-water. 
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TABLE  18-1 

EQUILIBRIUM  PAP.TmONING  CALCULATIONS  FOR  BENZENE 
IN  MODEL  ENVIRONMENTS- 


Soil  Estimated  Percent  of  Total  Ma^  of  Chemical  in  Each  Compartment 

Environment _  Soil _ ^ _ Soil-Water _  Soil-Air 


Unsaturated 
topsoiP' 
at  25*C 

88.1 

7.1 

4.8 

at  10“C 

89.7 

7.2 

,  3.1 

Saturated 

deep  soil'* 

21.4 

78.6 

- 

a)  Calculations  based  on  Mackay's  equilibrium  partitioning  model  (34,35,36);  see 
Introduction  for  description  of  model  and  environmental  conditions  chosen  to 
represent  an  unsaturated  topsoil  and  saturated  deep  soil.  Calculated  percentages 
should  be  considered  as  rough  estimates  and  used  only  for  general  guidance. 

b)  Utilized  estimated  soil  sorption  coefficient:  K*  =  65.  (Estimated  by  Arthur  D. 
Little,  Inc.) 

c)  Heniy-’s  law  constant  taken  as  0.00543  atm  •  mVmol  at  25‘’C/10®C  ratio  of  H 
values  from  Brown  and  Wasik  (521). 

d)  Used  sorption  coefficient  (K,)  calculated  as  a  function  of  assuming  0.1% 
organic  carbon:  K,  =  0.001  x 


18JLU  Sorption  on  SoOs 

The  mobility  of  benzene  in  the  soil'ground-water  system  (and  its  eventual 
migration  into  aquifers)  is  stron;,ly  affec'ed  by  the  extent  of  its  sorption  on  soil 
particles.  In  general,  sorption  on  soils  is  expected  to: 

-  increase  with  increasing  soil  organic  matter  content; 

-  increase  slightly  v/ith  decreasing  temperature; 

-  increase  moderately  with  increasing  salinity  of  the  soil  water:  and 

-  decrease  moderately  with  increasing  dissolved  organic  matter  content  of  the 
soil  water. 

Based  upon  its  octanol-water  partition  coefficient  of  135  (log  P  =  2.13),  the  soil 
sorption  coefficient  (K^)  is  estimated  to  be  65.  This  is  a  relatively  low  number 
indicative  of  weak  sorption  to  soils. 
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1&2.U  Volatilization  from  Soik 

Transport  of  benzene  vapors  through  the  air-filled  pores  of  unsaturated  soils  is 
an  important  transport  mechanism  for  near-surface  soils.  In  general,  important  soil 
and  environmental  properties  infiuencing  the  rate  of  volatilization  include  soO 
porosity,  temperature,  convection  currents  and  barometric  pressure  changes;  important 
physicochemical  properties  include  the  Henry’s  law  constant,  the  vapor-soil  sorption 
coefficient,  and,  to  a  lesser  extent,  the  vapor  phase  diffusion  coefficient  (31). 

There  are  no  data  from  laboratory  or  field  tests  showing  actual  soil  volatilization 
rates.  Sorption  of  the  benzene  vapors  on  the  soil  may  slow  the  vapor  phase 
transport;  Politzki  et  al.  (516)  have  shown,  for  example,  that  the  vapor  pressure  of 
benzene  in  the  presence  of  (thus  partially  sorbed  to)  silica  gel  was  decreased  by  a 
factor  of  10E-(-04  from  the  pure  compound  value. 

The  Henry’s  law  constant  (H),  which  provides  an  indication  of  a  chemical’s 
tendency  to  volatilize  from  solution,  increases  significantly  with  increasing  temperature 
(28).  Moderate  increases  in  H  are  also  observed  with  increasing  salinity  due  to  a 
decrease  in  benzene’s  solubility  (517). 

IR.2.2  Transfonnatioo  Prooesseir  in  Sofl/Ground-water  Systems 

The  persistence  of  benzene  in  soil/ground-water  systems  is  not  well  documented. 
Based  on  a  rate  constant  for  the  reaction  of  benzene  with  OH  (3892)  and  the 
concentration  of  OH  radical  concentration  in  water  of  lOE-17  mol/L  (3901),  a  half- 
life  of  0.71  year  has  been  calculated  (3887).  In  most  cases,  it  should  be  assumed  that 
the  chemical  will  persist  for  months  to  years  (or  more). 

Benzene  under  normal  environmental  conditions  is  not  expected  to  undergo 
hydrolysis  (10,33).  Further,  benzene  is  not  expected  to  be  susceptible  to  oxidation  or 
reduction  reactions  in  the  soil/ground-water  environment. 

There  is  evidence  that  benzene  can  undergo  aerobic  and  anaerobic  degradation 
(3887);  however,  the  rate  of  degradation  is  dependent  upon  several  factors  such  as 
whether  communities  of  degrading  microorganisms  are  established  and  acclimated, 
nutrient  levels,  temperature  and  concentration  of  benzene  (3916),  and  the  number  of 
organisms  present  (3887).  Aerobic  biodegradation  in  acclimated  wastewater  treatment 
plants  (e.g.,  activated  sludge)  would  be  expected  to  be  relatively  easy  based  upon  the 
data  of  Tabalc  et  al.  (55).  However,  in  most  soil/ground-water  systems  such  aerobic 
degradation  would  be  of  minimal  importance  because  of  the  low  concentration  of 
microorganisms  (at  depth)  and  the  low  dissolved  oxygen  (anaerobic)  conditions. 
Anaerobic  degradation  has  been  demonstrated  in  the  laboratory  by  Wilson  et  al. 

(3958),  but  degradation  was  relatively  slow,  particularly  during  the  first  20  weeks  of 
incubation.  By  40  weeks,  howr.^er,  72%  of  the  benzene  was  degraded  and  by  120 
weeks,  99%  was  degraded.  In  another  study,  in  situ  treatment  of  a  hydrocarbon 
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contaminated  aquifer  resulted  in  complete  anaerobic  degradation  of  benzene  after 
only  6  months  (3895). 

1823  Prinuuy  Routes  of  Exposure  Irom  Soil/Giound-water  Systems 

The  above  discussion  of  fate  pathways  suggests  that  benzene  is  highly  volatile, 
weakly  adsorbed  by  soil  and  has  a  limited  potential  for  bioaccumulation.  This 
compound  may  volatilize  from  soil  surfaces,  but  that  portion  not  subject  to 
volatilization  is  likely  to  be  mobile  in  ground-water.  These  fate  characteristics  suggest 
several  potential  exposure  pathways.  [It  should  be  noted,  however,  that  benzene 
released  into  the  air  can  be  degraded  via  reaction  with  atmospheric  hydroxy  radical 
(3887),  or  may  eventually  undergo  photochemical  degradation.  Tropospheric  lifetimes 
on  the  order  of  a  few  hours  to  a  few  days  have  been  estimated  (10).] 

Volatilization  of  benzene  from  a  disposal  site,  particularly  during  drilling  or 
restoration  activities,  could  result  in  inhalation  exposures.  The  potential  for  ground- 
water  contamination  is  high,  particularlv  in  sandy  soils.  Mitre  (83)  reported  that 
benzene  has  been  found  at  94  of  the  546  National  Priority  List  (NPL)  sites.  It  was 
detected  at  72  sites  in  ground-water,  31  sites  in  surface  water,  and  17  sites  in  air. 

The  USEPA  (64)  reported  that  in  state  occurrence  data  with  646  total  number  of 
samples,  4  were  positive  with  a  range  between  trace-17  ng/L.  The  National  Organic 
Monitoring  Survey  (NOMS)  (90)  found  that  out  of  113  samples,  7  were  positive  with 
a  mean  of  positives  at  0.4  ^g/L 

The  results  of  the  USEPA  (531)  Ground-water  Supply  Survey  (GWSS)  are  as 


shown  below: 

Sample  Type 

Occurrences* 

No.  % 

Median 
of  Positives 
(;ig/L) 

Maximum 

(Mg/L) 

Randoym 

Supplies  serving 
<10,000  people 
(280  samples) 

1 

0.4 

0.61 

0.61 

Supplies  serving 
>10,000  people 
(186  samples) 

2 

1.1 

9.0 

15.0 

Non-Rardom 

Supplies  serving 
<10,000  people 
(321  samples) 

,  5 

1.6 

1.6 

12.0 

Supplies  serving 
>10,000  people 
(158  samples) 

3 

1.9 

2.1 

12.0 

•Samples  having  levels  over  quantification  limit  of  0.5  tsg/L. 
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The  state  data  include  only  ground-water  sources  and  were  compiled  from 
various  state  reports  on  local  contamination  problems.  The  state  data  are  not 
considered  to  be  statistically  representative  of  national  occurrence.  The  National 
Organic  Monitoring  Survey  (NOMS)  included  data  from  both  ground-  and  surface 
water  supplies.  The  1982  Ground-water  Supply  Survey  (GWSS)  is  the  most  recent 
study  (53 1).  This  study  sampled  a  total  of  almost  1000  drinking  water  systems  using 
ground-water,  466  selected  at  random,  and  about  500  selected  by  the  state  as 
potentiaUy  contaminated.  The  USEPA  (64)  estimates  that  1.5%  of  the  nation’s 
ground-water  supplies  are  contaminated  with  benzene  (>10.5  /ig/L). 

These  results  indicate  that  benzene  has  the  potential  for  movement  in  soil/ 
ground-water  systems.  This  compound  may  eventually  reach  surface  waters  by  this 
mechanism,  suggesting  several  other  exposure  pathways: 

•  Surface  waters  may  be  used  as  drinking  water  supplies,  resulting  in  direct 
ingestion  exposure. 

•  Aquatic  organisms  residing  in  these  waters  may  be  consumed,  also  resulting  in 
ingestion  exposure  through  bioaccumulation. 

•  Recreational  use  of  these  waters  may  result  in  dermal  exposure. 

•  Domestic  animals  may  consume  or  be  dermally  exposed  to  contaminated 
ground-  or  surface  waters;  the  consumption  of  meats  and  poultry  could  then 
result  in  ingestion  exposures. 

In  general,  exposures  associated  with  surface  water  contamination  can  be 
expected  to  be  lower  then  exposures  from  drinking  contaminated  ground-water.  The 
Henry’s  law  constant  for  benzene  indicates  that  it  will  volatilize  upon  reaching  surface 
waters.  Secondly,  the  octanol/water  partition  coefficient  (log  P)  for  benzene  is  2.13 
(29)  and  the  bioconcentralion  factor  is  expected  to  be  low.  suggesting  limited 
bioaccumulation  in  aquatic  organisms  or  domestic  animals. 

18w2.4  Other  Sources  of  Exposure 

Benzene  is  widely  used  in  the  synthesis  of  other  organic  compounds  (ethyl¬ 
benzene.  cumene,  cyclohexane,  and  other  benzene  derivatives),  as  a  solvent,  and  as  a 
pesticide  among  other  uses.  It  is  also  an  important  constituent  of  gasoline.  As  a 
result  of  emissions  during  production,  use,  and  disposal  and  becaase  of  its  high 
volatility,  benzene  has  become  pervasive  in  the  aquatic  and  atmospheric  environments, 
in  spite  of  the  effects  of  environmental  degradative  processes. 

Coniglio  et  al.  (223),  in  a  summary  of  data  from  SRI.  NOMS  and  NORS, 
reported  that  benzene  was  found  at  a  frequency  of  21.6%  in  finished  surface  water. 
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Brodzinsky  and  Singh  (84)  compiled  all  available  atmospheric  monitoring  data  for 
a  number  of  volatile  organics.  For  benzene,  they  had  data  for  2789  locations.  In 
rural  and  remote  locations,  the  median  concentration  was  4.5  ;ig/m’.  In  urban  and 
suburban  locations,  the  median  concentration  was  89  ng/m\  and  in  source-dominated 
areas,  the  median  concentration  was  9.6  These  results  suggest  that  ambient 

benzene,  via  inhalation  exposure,  contributes  signiUcantiy  to  the  total  body  burden  of 
the  chemical  for  the  general  population. 


183  HUMAN  HEALTH  EFFECTS 

183.1  Animal  Studies 

183.1.1  Cardnogenicity 

Although  an  appropriate  laboratory  animal  model  for  the  study  of  the 
carcinogenicity  of  benzene  has  not  been  developed,  recent  studies  suggest  that 
benzene  is  carcinogenic  in  animals.  In  an  oral  carcinogenicity  study,  administration  of 
benzene  (99.7%  pure)  by  gavage  to  groups  of  50  F344/N  rats  and  50  B6C3F,  mice  of 
each  sex  and  for  each  dose,  5  days  per  week  for  103  weeks,  produced  clear  evidence 
of  carcinogenicity  in  both  species.  Doses  of  0,  25,  50  or  100  mg/kg  bw  benzene  (in 
com  oil)  were  administered  to  male  and  female  mice  and  female  rats;  male  rats  were 
given  doses  of  0,  50,  100  or  200  mg/kg  bw.  Dose-related  lymphocytopenia  was 
observed  in  treated  mice  and  rats.  An  increased  incidence  of  Zymbal  gland 
carcinomas  was  seen  in  both  sexes  for  both  species  and  both  male  and  female  rats 
exhibited  elevated  incidences  of  squamous-cell  carcinomas  of  the  oral  cavity.  Male 
rats  also  displayed  an  increased  incidence  of  squamous-cell  carcinomas  of  the  skin. 
Both  sexes  of  B6C3F,  mice  had  elevated  incidences  of  malignant  lymphomas  and 
alveolar/bronchiolar  carcinomas.  For  female  mice,  benzene  treatment  also  induced 
increased  incidences  of  ovarian  granulosa  cell  tumors  and  carcinomas  and 
carcinosarcomas  of  the  mammary  gland  (3519). 

Maltoni  et  al.  (201)  recently  completed  a  series  of  studies  which  show  that 
benzene  is  carcinogenic  in  rats  by  both  the  oral  and  inhalation  routes.  In  the  oral 
studies,  Sprague-Dawley  rats  were  administered  benzene  (purity  99.93%)  in  olive  oil 
at  doses  of  ^  or  250  mg/kg/day,  4-5  days  weekly  for  52  weeks  and  then  kept  under 
observation  until  death.  Mortality  was  higher  in  the  benzene-treated  groups  and  was 
dose-correlated.  There  was  also  a  dose-related  increase  in  the  incidence  of 
hemolymphoreticular  neoplasias  ("leukemias")  and  of  mammary  carcinomas.  The 
incidence  of  "leukemias"  was  7.7%  in  the  high-dose  group,  3.4%  in  the  low-dose 
group  and  1.7%  in  controls.  The  incidence  of  mammary  carcinomas  was  10.8%  and 
6.9%  in  the  high  and  low-dose  groups,  respectively,  and  5.2%  in  the  controls.  There 
was  also  a  12.3%  incidence  of  Zymbal-gland  carcinomas,  3.1%  incidence  of  carcinoma 
of  the  oral  cavity  and  a  1.5%  incidence  of  both  angiosarcomas  and  hepatomas,  all  in 
the  high-dose  group. 
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In  the  inhalation  studies,  Sprague-Dawley  rats  were  exposed  to  vapor 
concentrations  of  200-300  ppm,  4-7  hours  daily  for  104  weeks.  The  investigators 
found  a  2.3%  incidence  of  hepatomas  and  a  26.6%  and  1.4%  incidence  of  mammary 
carcinoma  and  leukemia,  respectively  (201). 

The  carcinogenicity  of  benzene  by  inhalation  has  also  been  demonstrated  in  mice. 
CA.  Snyder  et  al.  (197)  observed  an  increased  incidence  of  thymic  lymphoma  in 
C57BL/J6  mice  that  were  exposed  to  vapor  concentrations  of  300  ppm,  6  hours  daily, 
5  days  per  week  for  life.  In  contrast,  AKR/J  mice  that  were  expo^  to  100  ppm  on 
the  same  dosing  schedule  experienced  no  change  in  the  induction  of  lymphoma. 

Poor  survival  of  this  strain  at  300  ppm  necessitated  the  lower  exposure  level.  It 
should  be  noted  that  both  of  these  strains  carry  a  virus  which  can  result  in  a  high 
incidence  of  lymphoma  following  exposure  to  radiation,  carcinogens  or 
immunosuppressive  agents  (203).  In  a  similar  study,  Cronkite  reported  increased 
incidences  of  leukemia,  lymphoma,  and  solid  tumors  in  C57B1/BNL  mio*  c.xposed  to 
benzene  levels  of  300  ppm,  6  liours/day,  5  days/week  for  only  16  weeks  and  obrerved 
over  several  months  for  tumor  development  (3904,  3903).  TTie  patterns  of  lymphoma 
and  solid  tumors  in  the  Cronkite  studies  were  significantly  different  than  those 
observed  after  lifetime  exposures. 

lARC  (202)  believes  there  is  sufficient  evidence  that  benzene  is  carcinogenic  to 
animals,  as  well  as  to  man.  A  discussion  of  human  data  can  be  found  in  Section 
18.3.2.2,  Chronic  Toxicologic  Effects. 

183.0  GeootoxDdty 

Benzene  is  not  mutagenic  in  bacterial  systems.  Studies  with  five  standard  strains 
of  Salmonella  tvphimurium  in  the  presence  or  absence  of  hamster  or  rat  liver 
microsomes  were  negative  in  the  plate  incorporation  assay  (3519);  and  additional 
studies  in  three  strains  of  Salmonella  were  negative  when  care  was  taken  to  assure 
exposure  of  the  bacteria  to  benzene  vapon  (3077).  Attempts  to  induce  genotoxic 
effects  in  Bacillus  subtilis,  Saccharomvces  cerevisiae.  and  Escherichia  coli  have  all 
proved  negative  (202). 

Chromosomal  abnormalities  in  bone  marrow  cells  resulting  from  subcutaneous  or 
intraperitoneal  administration  of  benzene  have  been  reported  in  various  species  of 
animals  including  rats,  rabbits  and  mice  (203).  The  animals  were  treated  with  single 
or  multiple  daily  doses  of  benzene  ranging  from  0.2  to  2.0  mL/kg/day.  Most  of  the 
induced  abnormalities  were  chromatid  breaks  or  deletions.  Male  rats  exposed  to 
benzene  vapor  at  concentrations  of  1.  10,  100  or  1000  ppm  for  6  hours  showed  a 
significant  increase  in  chromosomal  abnormalities  in  their  bone  marrow  cells  at  the  2 
higher  expxjsure  levels  (192). 

Tice  et  al.  (3716)  exposed  mice  via  inhalation  to  benzene  and  observed  a 
significant  increase  in  sister  chromatid  exchanges  but  not  chromosomal  aberrations  in 
bone  marrow  cells  of  the  treated  animals.  In  a  subsequent  experiment  Tice  et  al. 
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(3717)  were  able  to  induce  chromosomal  aberrations  in  mice  with  enhanced  liver 
metabolism  by  treating  the  mice  with  pbenobarbital  before  exposure  to  benzene. 

Benzene  has  also  proved  to  be  an  effective  inducer  of  micronuclei  in  the  mouse, 
in  both  bone  marrow-derived  and  peripheral  erythrocytes  (3124,  3463).  Male  mice 
appear  to  be  more  sensitive  to  the  clastogenic  effects  of  benzene  than  do  females 
(202,  192,  3124).  Erexson  et  al.  (3203)  observed  significant  increases  sister  chromatid 
exchanges  in  peripheral  blood  lymphocytes  as  well  as  in  the  bone  marrow 
micronucleus  test  with  rats  and  mice  exposed  to  benzene  via  inhalation. 

Thai  benzene  can  cross  the  placenta  was  shown  by  Ciranni  et  al.  (3902)  who 
treated  pregnant  mice  orally  with  880  mg/kg  and  found  an  increase  in  micronuclei  in 
fetal  liver  as  well  as  in  bone  marrow  cells  of  the  treated  adult. 

Chromosomal  aberrations  were  found  in  the  lymphocytes  of  humans  occupa¬ 
tionally  exposed  to  low  concentrations  (0.2  to  12.4  ppm)  of  benzene.  Twenty-two 
workers  with  3  to  35  years  of  company  service  were  studied,  and  each  subject  was 
paired  with  a  suitable  control.  There  was  no  evidence  for  increased  sister 
chromosome  exchange  activity  in  these  same  subjects  (3609).  Fomi  et  al.  (3223)  also 
studied  workers  of  a  rotogravure  plant  and  found  a  significant  increase  in 
chromosome  aberrations  in  their  lymphocytes  compared. 

183.U  Teratogenicity,  Embryotoxicity  and  Reproductive  Effect 

Benzene,  administered  orally  to  pregnant  mice  at  doses  of  0.5  and  1.0  ml/kg  body 
weight,  did  not  induce  malformations,  but  did  cause  maternal  lethality  and  resorptions 
(3487),  and  at  the  dose  of  1.47  ml/kg/day  caused  significant  reductions  in  fetal  body 
weights  (3634). 

Widely  tested  by  inhalation  in  rats,  rabbits,  and  mice,  benzene  was  not 
teratogenic  (i.e.,  did  not  produce  birth  defects)  in  test  animals  even  at  125  to  940 
ppm,  levels  that  were  toxic  to  the  mother  as  evidenced  by  her  reduced  weight  gain 
(3887).  However,  benzene  induced  increased  incidences  of  fetotoxic  effects  such  as 
resorptions,  reduced  fetal  weight,  and  skeletal  variations  at  concentrations  of  100  to 
940  ppm.  Benzene  fetotoxicity  appears  to  be  a  function  of  maternal  toxicity. 

Benzene  is  not  teratogenic  or  embryotoxic  at  1  ppm  (3887),  the  current  OSHA 
standard. 

In  subchronic  inhalation  studies,  benzene  affected  the  ovaries  (bilateral  cysts)  and 
testes  (atrophy/degeneration,  decrease  in  spermatozoa,  moderate  increase  in  abnormal 
sperm  forms)  of  adult  mice  at  300  ppm,  but  not  at  .30  ppm  (3957).  and  caused 
histopathological  testicular  changes  of  adult  rabbits  at  ^  ppm  (210). 

Dermal  application  of  benzene  to  rats  for  4  months  at  doses  of  64  or  320 
mg/kg/day  did  not  affect  the  fertilizing  ability  of  males  or  the  conceptional  capacity  of 
females  when  either  sex  was  mated  with  untreated  rats  (3973).  Both  levels  caused  a 
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decrease  in  the  number  of  spermatogonia  in  the  males  and  an  increase  in  the 
mortality  of  the  first  generation  offspring. 

18L3.1.4  Other  Tozioologic  Effects 

183.1.4.1  Sbort-tenn  Toxidty 

Benzene  causes  central  nervous  system  depression,  narcosis,  and  death  in  various 
species  of  animals.  An  LC„  value  of  10,000  ppm  •  7  hr  was  recorded  for  the  rat  (59). 
Reibits  exposed  to  vapor  concentrations  ranging  from  35,000  to  45,000  ppm 
underAent  slight  anesthesia  after  4  minutes.  They  experienced  other  CNS  effects 
such  as  excitation,  tremors  and  loss  of  pupil  reOexes.  Death  occurred  within  22  to  71 
minutes  (628).  Forty  peiwnt  of  rats  exposed  to  40,000  ppm  for  five  20-25  minute 
periods  died  within  24  hours  (202).  Oral  LDy,  values  in  the  rat  varied  from  3.4  to 
5.6  mL/';g  depending  on  the  age  and  strain  (12).  Oral  LDjo  values  of  4700  mg/kg 
and  38rX)  mg/kg  have  also  been  reported  for  the  mouse  and  rat,  respectively  (59). 

Mire  subtle  central  nervous  system  effects  have  been  induced  in  animals  by 
■h,:  r-term  exposure  to  benzene.  For  example,  impaired  learning  ability  was  observed 
in  bp'-^gue  -Dawley  rats  given  550  mg/kg  of  benzene  orally  on  days  9,  11,  and  13 
postpartum  (3911);  and  behavioral  disturbances  in  mice,  characterized  by  increased 
milk-licking,  were  demonstrated  after  one  and  five  day  exposures  to  benzene 
concentrations  of  100  ppm  and  300  ppm,  respectively  (3907). 

In  addition  to  neurotoxicity,  hematotoxicity  and  immunotoxicity  have  been 
observed  following  short-term  exposure  to  benzene.  For  example.  B6C3F,  mice 
exposed  to  benzene  6  hours/day  for  6  days  exhibited  statistically  significant 
depressions  (p<0.05)  in  peripheral  blood  lymphocyte  counts  at  10.2  ppm  and  in 
erythrocyte  counts  at  100  ppm  (3938).  Lymphocytes  are  essential  to  the  cellular  and 
humoral  immune  responses  and,  consequently,  benzene  concentrations  that  reduced 
the  lymphocyte  counts  depressed  the  B-  and  T-lymphocyte  functions  as  well  [3938]. 
Injury  to  the  immune  system  can  result  in  serious  health  consequences,  including  the 
suppression  of  host  resistance  to  bacterial  infections  and  tumor  growth.  In  one  study, 
the  resistance  of  mice  to  the  bacterium.  Listeria  monocytogenes,  was  significantly 
(p<0.05)  lowered  during  exposure  to  benzene  concentrations  of  30  ppm  or  greater  (6 
hours/day  for  12  days)  (3936).  In  another  study,  90%  of  the  mice  exposed  to  100 
ppm  benzene  (6  hours/day,  5  days  a  week  for  20  exposures)  and  inoculated  with 
tumor  cells  developed  lethal  tumors,  in  comparison  to  30%  of  the  controls  that  were 
inoculated  with  tumor  cells  but  not  exposed  to  benzene  (3937). 

The  local  effects  Of  benzene  liquid  or  vapor  on  the  eye  are  slight.  In  the  rabbit 
eye,  it  is  a  moderate  irritant,  causing  conjunctival  irritation  and  transient  comeal 
injury.  Fifty  percent  of  rats  exposed  to  vapor  concentrations  of  50  ppm  developed 
cataracts  after  more  than  600  hours  of  exposure  (19).  When  applied  to  the  skin  of 
laboratory  animals,  benzene  is  slightly  to  moderately  irritating  (210). 
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1&3.1.42  Oiiooic  Tasdty 

The  target  cells  for  benzene-induced  toxicity  appear  to  be  the  cells  of  the  bone 
marrow.  The  events  that  occur  in  the  bone  marrow  and  circulating  blood  cells 
following  benzene  exposure  are  described  in  section  183.2.2,  Human  and 
Epidemiological  Studies,  Chronic  Toxicologic  Effects. 

Leukopenia  (i.e.  reduction  of  white  blood  cells)  is  the  most  common 
manifestation  of  chronic  benzene  toxicity  in  laboratory  animals.  Leukopenia  was 
observed  in  rats  given  132  daily  oral  doses  ranging  from  10  to  100  mg/kg  bw.  The 
no-effect  level  for  blood  changes  was  determined  to  be  1  mg/kg  bw  (210). 

Similar  results  were  reported  in  a  more  recent  oral  subchronic  and  chronic 
studies  (3519).  F344/N  rats  and  B6C3F,  mice  were  administered  benzene  (0,  25,  50, 
100,  200,  400,  600  mg/kg)  in  com  oil  for  17  weeks  (3519).  The  rats  exhibited  dose- 
related  leukopenia,  lymphoid  depletion  in  the  spleen  at  200  mg/kg.  and  increased 
extr?>medullary  hematopoiesis  in  the  spleen  at  mg4cg  (120  days  of  exposure). 

Mice  in  the  400  and  600  mg/kg  groups  had  a  dose-related  leukopenia.  In  the  chronic 
study,  oral  administration  of  0,  50,  100,  or  200  mg  of  benzene/kg,  5  days/week,  for 
103  weeks  resulted  in  dose-related  lymphocytopenia  and  leukocytopenia  in  both 
species,  llie  mice,  in  addition,  had  lymphoid  depletion  of  the  splenic  follicles  and 
thymus  and  hyperplasia  of  the  bone  marrow. 

After  inhalation  of  17.5  ppm  for  127  days,  no  blood  changes  were  observed  in 
rats,  guinea  pigs  and  dogs.  Slight  leukopenia  has  been  reported  in  rats  exposed  to  44 
ppm,  5  hours  per  day,  4  days  weekly  for  5  to  7  weeks  (202). 

Changes  were  observed  in  the  blood  and  bone  marrow  of  CD-I  mice  and 
Sprague-Dawley  rats  exposed  to  300  ppm  6  h/day,  5  days/wk  for  13  weeks  (3957).  In 
mice,  the  effects  included  increased  mean  cell  volumes  and  mean  cell  hemoglobin 
values,  and  decreased  hematocrit,  hemoglobin,  RBC  count,  leukocyte  count,  platelet 
count,  and  percent  lymphocytes.  Histological  findings  included:  myeloid  hypoplasia 
of  the  bone  marrow,  splenic  periarteriolar  lymphoid  sheath  depletion,  lymphoid 
depletion  in  the  mesenteric  lymph  node,  increased  extramedullary  hematopoiesis  in 
the  spleen,  and  plasma  cell  infiltiation  in  the  mandibular  lymph  node.  The  rats,  less 
severely  affected,  exhibited  decreased  leukocyte  counts  and  decreased  femoral  marrow 
cellularity.  Hematological  effects  were  not  observed  in  either  species  exposed  to  1, 

10,  or  30  ppm. 

The  immune  system  is  another  target  for  benzene  toxicity.  For  example,  Rozen 
and  Snyder  (3938)  demonstrated  that  benzene  concentrations  of  300  ppm,  6  hours/Oay 
for  115  exposures  reduced  the  abilities  of  T-  and  B-celk  to  respond  to  mitogenic 
stimuli  and  markedly  reduced  the  numbers  of  B-lymphocytes  in  the  bone  marrow  and 
spleen  and  the  number  of  T-lymphocytes  in  the  thymus  and  spleen.  In  addition,  a 
compensatory  proliferation  was  observed  in  cells  of  the  bone  marrow  and  thymus  in 
response  to  the  benzene  exposures. 
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183J  Huoun  and  Epidemiologic  Studies 
18L3^1  Sbort-tenn  Toxicologic  Effects 

Benzene  is  a  central  nervous  system  depressant  at  high  concentrations  and  may 
cause  acute  narcotic  reactions.  Depending  upon  the  concentration  and  duration  of 
exposure,  these  effects  may  range  ^m  mild  manifestations  such  as  headache  and 
lightheadedness  to  more  severe  effects  such  as  convulsions,  respiratory  paralysis  and 
death  (200).  Death  has  resulted  from  single  5  to  10  minute  exposures  of  benzene  in 
air  at  concentrations  of  20,000  ppm.  Concentrations  of  3000  to  7500  ppm  may  result 
in  toxic  signs  within  1  hour.  Ex^ures  of  50  to  250  ppm  may  produce  headache, 
lassitude  and  dizziness  which  may  become  more  exaggerated  at  higher  levels.  No 
effects  are  reported  after  acute  exposure  to  25  ppm  (12). 

Ingestion  of  2  mL  nay  produce  symptoms  while  10  mL  may  be  fatal  (56). 
Ingestion  of  9  to  12  g  (10-14  mL)  has  been  noted  to  cause  staggering  gait,  vomiting, 
loss  of  consciousness,  delirium  and  death  (12).  In  acute  poisoning,  death  may  be  due 
to  respiratory  arrest  or  cardiac  failure.  Excessive  physical  activity  at  the  time  of  a^ute 
exposure  predisposes  individuals  to  cardiac  failure  (56). 

Direct  contact  with  the  liquid  may  cause  redness  and  dermatitis.  Absorption 
through  human  skin  has  been  reported  to  be  0.004  to  0.052%,  the.  highest  absorptions 
occurring  through  the  palm  (194).  Tnerefore,  skin  absorption  has  not  been 
considered  to  be  an  important  route  of  entry  in  occupational  situations  (633). 
However,  the  results  of  recent  studies  have  indicated  that  benzene  absorption  through 
the  skin  may,  in  fact,  be  considerable.  For  example,  Sasten  et  al.  (3945)  calculated, 
from  the  results  of  dermal  absorption  studies  in  hairless  mice  and  observations  of 
workers,  that  20-40%  of  the  total  benzene  dose  received  by  humans  in  tire-building 
operations  could  be  absorbed  dermally.  These  findings  are  supported  by  the  work  of 
Blank  and  McAuliffe  (3896)  whose  calculations  (from  their  own  in  vitro  experiments 
with  human  skin  and  the  inhalation  data  of  others)  indicate  that  approximately  17% 
of  the  total  dose  of  ambient  benzene  could  be  absorbed  dermally. 

The  local  effects  of  benzene  vapor  on  the  human  eye  are  slight.  Occasionally, 
hemorrhages  in  the  retina  and  conjunctiva  are  found  after  systemic  benzene 
poisoning.  In  rare  instances  these  may  be  accompanied  by  edema  of  the  retina  and 
optic  nerve.  It  has  been  suggested  but  not  firmly  established  that  benzene  may 
induce  inflammation  of  the  optic  nerve  (19). 

\8322.  Chroaic  Toxicologic  Effects 

Workers  exposed  to  benzene  for  0.5  to  4  years  have  exhibited  signs  of 
neurotoxicity  as  evidenced  by  EEG  changes  and  atypical  sleep  activity  (3921). 

However,  the  most  important  effect  resulting  from  chronic  benzene  exposure  is 
hcmatotoxicity,  the  targets  being  the  cells  of  the  bone  marrow.  At  the  early  stages. 
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leukopenia,  anemia  or  thrombocytopenia  (i.e.  a  decrease  in  platelet  count)  may  be 
seen  as  well  as  any  combination  of  these  (195).  The  effects  appear  to  be  reversible 
at  this  stage  (202). 

Many  observers  agree  that  the  lowest  air  levels  of  benzene  capable  of  producing 
a  decrease  in  human  circulating  blood  cells  are  in  the  range  of  40  to  SO  ppm  (195). 
However,  one  investigator  estimated,  from  a  study  of  119  workers  exposed  to  benzene 
concentrations  of  "  20  ppm,  that  hematological  changes  may  occur  at  levels  as  low  as 
10.1  ppm  (3900).  The  initial  symptoms  of  benzene  poisoning  tend  to  be  non-specific 
and  include  fatigue,  headache,  nausea  and  loss  of  app>etite  (46).  With  continu^ 
exposure  there  is  severe  bone  marrow  damage  which  results  in  pancytopenia,  a 
deOciency  of  ail  ceUular  elements  of  the  blood.  Human  benzene  toxicity  is  often 
described  as  aplastic  or  hypoplastic  anemia.  However,  in  seme  cases  of  benzene- 
induced  hematotoxicity,  hyperplastic  bone  marrows  have  been  reported.  It  has  been 
suggested  that  hyperplasia  is  an  early  bone  marrow  response  to  benzene  and  that 
hypoplasia  follows  after  continued  exposure  (196).  The  direct,  life-threatening 
consequences  of  pancyto^nia  result  from  leukopenia  and  thrombocytopenia  which 
will  cause  an  increased  susceptibility  to  infection  or  hemorrhagic  conditions, 
respectively.  There  is  also  evidence  that  the  circulating  cells  contain  morphological  or 
functional  abnormalities  which  may  contribute  to  these  effects  (203). 

Numerous  studies  indicate  that  benzene  metabolism  is  required  for  toxicity  (3920. 
3942).  The  major  site  for  the  biotransformation  of  benzene  is  the  liver;  however, 
hone  marrow,  the  target  organ,  possesses  a  limited  capacity  to  metabolize  the 
chemical.  Phenol,  hydroquinone,  catechol,  and  benzene  oxide  represent  the  major 
metabolites  of  benzene.  Of  these,  the  potential  toxic  metabolite  is  generally 
considered  to  be  the  quinone  or  semiquinone  derived  from  hydroquinone  (3920),  but 
the  open-ring  product,  trans.trans-muconaidehyde,  has  also  been  implicated  (3959). 

The  ultimate  mechanism  of  benzene-induced  hematotoxicity  is  the  subject  of  extensive 
research.  Proposed  molecular  mechanisms  include;  suppression  of  RNA  and  DNA 
synthesis  (3931).  alkylation  of  cellular  sulfhydryl  groups  (3919),  disruption  of  the  cell 
cycle  (3943),  free  radical  formation  (3919).  and  covalent  binding  of  benzene 
metabolites  to  cellular  macromolecules  (3924). 

There  is  a  correlation  between  benzene  exposure  and  chromosomal  aberrations 
in  the  bone  marrow  and  peripheral  lymphocytes  of  exposed  individuals.  Although 
aberrations  have  been  reported  following  chronic,  low-level  exposures  (<10  ppm),  it 
has  not  been  a  consistent  finding.  Aberrations  due  to  high  exposure  levels  (>100 
ppm)  may  persist  for  many  years  after  exposure  has  been  discontinued  (202).  Some 
investigators  have  associated  irreversible  chromosome  damage  with  'he  eventual 
development  of  leukemia  (195). 

Leukemia  is  defined  as  a  neoplastic  condition  in  which  there  are  increased 
numben  of  white  blood  cells  or  their  precursors  in  the  blood  or  bone  marrow.  Acute 
myelogenous  leukemia  is  the  form  most  frequently  related  to  benzene  exposure 
although  other  types  have  also  been  observed.  In  one  study,  for  example,  three  cases 
of  chronic  leukemia  (two  chronic  lymphoid  and  one  hairy  cell)  were  identified  among 
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58  leukemia  patients  with  histories  of  chronic  exposure  to  benzene  (3889).  In 
another  study  of  benzene-exposed  workers,  none  of  the  seven  deaths  from  leukemia 
were  from  acute  myelogenous  leukemia,  but  were  related  to  either  lymphatic 
leukemia,  chronic  myelogenous  leukemia,  or  acute  (unspecified)  leukemia  (3%2). 

The  relationship  between  benzene  exposure  and  the  development  of  leukemia 
has  been  established  in  numerous  epidemiological  studies  The  International  Agency 
for  Research  on  Cancer  believes  there  is  sufficient  evidence  that  benzene  is 
carcinogenic  to  man  (202).  Studies  by  Aksoy  and  coworkers  in  Turkey  support  the 
causal  relationship  between  benzene  exposure  and  leukemia.  These  investigators 
found  26  cases  of  leukemia  or  pre-leukemia  in  a  group  of  28,500  shoe-manufacturing 
workers  observed  over  an  80-month  period  from  1966  to  1973.  The  exposures  were 
in  the  range  of  210  to  650  ppm  with  durations  ranging  from  1  to  15  years.  These 
cases  were  calculated  to  give  an  annual  incidence  rate  of  13  per  100,000  as  opposed 
to  a  rate  of  6  per  100,000  for  the  general  population  (629).  The  latter  rate  was 
derived  from  countries  more  developed  than  Turkey  and  is  believed  to  be  high.  The 
investigators  recently  estimated  the  incidence  of  leukemia  in  the  general  population  in 
Turkey  to  be  2.5  to  3  per  100,000  (630)  making  the  increased  incidence  of  leukemia 
in  exposed  workers  more  significant. 

Infante  and  associates  (631)  conducted  a  study  in  2  populations  of  workers 
engaged  in  the  production  of  rubber  products  from  1940  through  1949.  Benzene  was 
the  only  material  in  their  work  environment  known  to  be  associated  with  blood 
disorders  (43).  This  group  of  748  white  males  was  followed  for  vital  status  from  1950 
through  1975.  A  statistically  significant  excess  of  leukemia  was  found  in  comparison  , 
to  2  control  groups,  the  white  male  American  population  and  the  workers  in  another 
industry  not  using  benzene.  Nine  deaths  resulted  from  all  forms  of  leukemia  in  the  2 
exposed  groups  where  the  expected  incidence  was  1.25  (518).  The  critical  issue  in 
this  study  was  the  estimation  of  the  air  levels  of  benzene  in  the  work  environments. 
The  investigators  suggested  that  the  plants  functioned  within  the  recommended 
standards  of  100  ppm  in  1941,  50  ppm  in  1947  and  35  ppm  in  1948,  and  that  the 
actual  air  concentrations  were  in  the  range  of  10  -  15  ppm.  These  exposure  levels 
have  been  refuted  by  other  investigators  who  have  suggested  that  the  levels  were 
probably  greater  than  the  prevailing  standards  and  more  likely  were  in  the  range  of 
95  to  950  ppm.  It  was  also  argued  that  environmental  exposures  at  the  plants  could 
not  have  been  the  same  since  different  rubber  products  were  being  manufactured  at 
each  location  (631).  It  is  also  probable  that  there  is  a  wide  variation  in  absorbed 
doses  due  to  variations  in  work  habits  and  also  due  to  the  fact  that  benzene,  being 
volatile,  could  drift  to  various  locations  causing  actual  exposures  to  workers  thought 
to  be  unexposed.  These  factors  make  a  dose-response  relationship  difficult  to 
establish  (518). 

Recently,  however,  a  dose-response  relationship  between  benzene  exposure  and 
lymphatic  and  hematopoietic  cancers  was  described  m  a  historicil  prosf>ective 
mortality  study  of  chemical  worken  (3%2).  The  cohort  of  the  study  consisted  of 
4602  male  workers  from  seven  plants  who  had  been  occupationally  expo,sed  to 
benzene  (3536  continually,  1066  intermittently)  for  at  lea.st  sL\  months,  between  the 
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yean  of  1946  and  1975,  and  a  comparison  group  of  male  chemical  worken  from  the 
same  plants  who  had  been  employed  for  at  least  six  months  during  the  same  period, 
but  were  never  occupationa'*y  exposed  to  benzene.  The  internal  comparison  group 
was  included  to  minimize  the  effects  of  exposure  to  the  chemicals,  in  addition  to 
benzene,  that  were  present  in  the  plaou.  This  control  group  also  served  to  avoid 
several  other  problems  that  could  result  Grom  comparison  to  national  mortality 
statistics. 

The  risk  of  death  was  asi>es.sed  using  the  standard  mortality  ratio  (SMR)  (actually 
observed  deaths  expressed  as  percentages  of  the  expected);  relative  risk  was 
calculated  (bing  the  Mar/el-Haenszel  chi-square  procedure.  When  compared  to  the 
national  norm,  the  SMRs  from  all  lymphatic  and  hematopoietic  cancer  combined  and 
non-Hodgkin’s  lymphoma  and  leukemia  lor  the  exposed  group  were  slightly,  but  not 
significantly,  increased.  However,  when  compared  to  the  internal  comparison  group, 
the  SMR's  were  coruiderably  higher. 

The  relative  risk  for  lymphopoietic  cancer  in  the  exposed  groups  (continuous  and 
intermittent)  compared  with  the  internal  comparison  group  was  2.99,  of  borderline 
significance,  while  the  relative  risk  for  the  continuously  exposed  group  alone  was  3.2 
(p<0.05).  The  chi-square  test  showed  that  the  association  betKveen  continuous 
exposure  to  benzene  and  leukemia  alone  was  statistically  s\,.nincant  (p<0.05).  Cohort 
memben  were  divided  into  three  categories  according  to  benzene  exposure:  <180 
ppm-months,  180-719  ppm-months,  and  S  720  ppm-months.  The  dosc-respoase 
rclationrhips  between  the  cumulative  exposure  to  benzene  (in  ppm-months)  and 
mortality  from  all  lymphopoietic  cancer  combined  and  from  leukemia  were  statistically 
significant  (p»0.02  and  p*0.01.  respectively),  while  the  dose  response  relationship 
between  cumulative  exposure  and  non-Hodgkin's  lymphopoietic  cancer  was  of 
borrlerlirie  statistical  significance  (p»0.06).  The  investigator  concluded,  in  spite  of 
several  limitations  of  the  study,  most  of  which  are  typical  of  a  historical  mortality 
study  of  inoustrial  populations,  that  chemical  worken  occupationally  exposed  to 
benzene  experienced  significant  mortality  from  leukemia  and  from  ail  lymphatic  and 
hematopoietic  cancer  when  compared  with  chemical  workers  who  were  not  occupa¬ 
tionally  exposed  to  benzene.  The  significant  dose  response  relationships  add  strength 
to  the  asaoc!.ition  between  benzene  exposure  in  the  workplace  and  these  efTccis. 

Controveny  has  arisen  over  whether  it  is  necessary  for  some  degree  of  bone 
marrow  damage  to  occur  before  leukemia  develops.  Many  obsersers  believe  that  this 
ia  indeed  the  case.  Yin  et  al.  (.3962)  observed  that  seven  of  twenty-five  cases  of 
Icnze.ne-induced  leukemii  had  a  history  of  chronic  benzene  p<5isoning  (leukopenia  or 
aplastic  anemia)  before  the  leukemia  developed  and  conjectured  a  close  relatioaship 
bttween  leukemia  and  bcn/cnc  poisoning.  This  type  of  correlation  suggests  a  yet  to 
be  proven  assumption  that  there  is  a  threshold  for  bcnzcnc-induccd  leukemia  (195). 
(9then  argue  that  exposure  to  a  carcinogen  at  any  level  carries  the  threat  of  cancer 
and  in  the  case  of  benzene,  exposures  as  low  as  10  ppm  pr'wc  a  significant  probability 
of  leukemia  developing  (195).  Moat  cases  of  leukemia  have  been  observed  in  those 
industries  where  benzene  has  been  used  as  a  solveni;  whereas,  industries  in  which 
benzene  is  either  produced  or  used  as  a  chemical  reactant,  such  as  the  petroleum 
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industry,  usually  have  not  exhibited  an  increased  incidence  of  leukemia  (518).  This 
has  been  attributed  to  the  fact  that  solvent  exposure  occurs  indoors,  in  unventilated 
areas,  whereas  workers  in  the  petrochemical  industries  are  in  largely  outdoor 
situations  where  the  probability  of  benzene  levels  exceeding  1  ppm  TWA  is  less  than 
5%  (198). 

1IL1JL1  TermtoKcnidty,  Embryutaxidly  and  Reprodtsctive  Ejects 

A  definite  association  between  tow-level  benzene  exposure  and  human 
reproduction  can  not  be  shown  because  human  exposure  to  benzene  has  often 
occurred  along  with  exposure  to  many  other  chemicals.  Benzene  crosses  the  human 
placenta  and  is  present  in  the  cord  blood  in  amounts  equal  to  those  in  maternal 
blood  (3182).  ^rlow  and  Sullivan  (3053)  reviewed  the  literature  on  the  effect  of 
scute  benzene  exposures  on  hurhan  reproductive  organs  and  oflspring.  Menstrual 
disturbances  and  reduced  fertility  have  been  report^.  A  normal  infant  survived 
when  the  mother  died  at  parturition  because  of  severe  anemia  caused  by  benzene 
(3972).  No  statistically  significant  clusters  of  birth  defects  were  found  when  anal>'zing 
data  from  Drake  Superfund  Site,  Pennsylvania,  an  area  where  benzene  has  been 
identified  (3971).  Heath  (3282)  conducted  a  study  at  Love  Canal  in  New  York,  an 
area  contaminated  with  benzene  and  other  chemi^  and  found  no  clear  ifKrea.<icd 
incidence  of  abortion,  birth  defccu,  or  low  infant  birth  weight  among  women  living 
next  to  the  Canal. 

18JJ  Levck  of  Coaocm 

The  USEPA  (355),  using  epidemiological  data  for  cancer  in  humans  (202.  630, 
631)  and  supportive  experimental  data  showing  carcinogenicity  in  rats  (201),  has 
established  an  ambient  water  quality  criterion  of  zero  for  benzene.  Bsxause  the 
attainment  of  a  zero  concentration  level  may  be  infeasible  in  tome  cues,  the 
concentrations  of  benzene  in  water  calculate  to  result  in  incremental  lifetime  cancer 
risks  of  lE-05.  lE-06  and  lE-07  from  ingestion  of  both  water  and  contaminated 
aquatic  organisms  were  estimated  to  be  6.6.  0.66  and  0.066  tig/'L,  respectively.  Risk 
estimates  are  expressed  as  a  probability  of  cancer  after  a  lifetime  daily  coruumption 
of  two  liten  of  water  and  6.5  g  of  fuh  that  have  bioaccumulatcd  benzene.  Thus,  a 
risk  of  lE-05  implies  that  a  lifetime  daily  consumption  of  two  liters  of  drinking  water 
and  6.5  g  of  contaminated  fish  at  the  criterion  level  of  6.6  (ig/L  of  benzene  would  be 
expected  to  prtxluce  one  excess  case  of  cancer  above  the  normal  back-  ground 
incidence  for  every  lOO.OtX)  people  exposed.  It  should  he  emphasized  that  these 
numerical  values  represent  extrapolations  that  are  based  on  a  number  of  assumptions. 


The  EPA  Office  of  Drinking  Water  i.xcnlly  promulgated  the  Maximum 
Contaminant  Level  (MCL)  for  benzene  of  5  fig/L  (3952). 

The  WHO  (f>66)  recommends  a  level  of  10  tig/L  for  benzene  in  drinking  water. 
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OSHA  (3539)  currently  pcrmiu  catpoture  to  1  ppm  for  an  8-hour  TWA  and  a 
short-term  exposure  level  (STEL)  of  5  ppm,  although  some  industries  are  exempt. 

The  ACGIH  (3005)  hes  set  a  TLV  (threshold  limit  value)  of  10  ppm,  with  the 
notation  that  benzene  is  a  suspected  human  carcinogen. 

183.4  Hazard  Awaaeot 

There  is  sufficient  evidence  that  benzene  is  carcinogenic  in  animals  and  man. 
Several  case  reports  (202)  as  well  as  two  cohort  studies  (630,  631)  established  a 
relationship  between  benzene  exposure  and  leukemia.  lARC  (518)  lists  benzene  in 
category  1  (sufficient  evidence  of  human  carcinogenicity)  in  its  weight-of-evidence 
ranking  for  potential  carcirtogens.  The  NTP  (8C1 )  has  categorized  benzene  as 
providing  clear  evidence  of  carcinogenic  activity  (multiple  sex/species/tumor  sites). 

A  correlation  between  benzene  exposure  and  chromosomal  aberrations  in  bone 
marrow  attd  lymphocytes  of  exposed  irtdividuals  has  also  been  observed  at  levels 
above  100  ppm;  results  are  inconsistent  at  lower  levels  (202).  A  recent  report  (710) 
noted  chromosome  damage  in  animals  at  levels  as  low  as  1  ppm.  Additional  studies 
regarding  the  mutagenic  capability  of  benzene  are  needed  to  clarify  the  lowest 
effective  dose. 

Retardation  of  fetal  development  accompanied  by  a  decrease  in  maternal  weight 
gain  have  been  seen  in  reprod'.rf:tive  toxicity  studies  but  there  is  no  pattern  suggestive 
of  teratogenic  activity  for  'wnzene. 

Aside  from  the  reported  hematological  effects  of  long-term  benzene  exposure 
(e.g.,  leucopenia,  thrombocytopenia,  pancytopenia),  most  adverse  effects  osiiociated 
with  benzene  exposure  irc  of  an  acute  nature  and  occur  at  considerably  higher 
concentrations  (e  g.,  3000-7500  ppm  for  one  hour).  Ingestion  of  about  10  mL  is  fatal 
(56.  12)  and  symptoms  of  CNS  depression  have  been  noted  following  ingestion  of  2 
mL  (56). 


ia4  SAMPLING  AND  ANALYSIS  CONSIDERATIONS 

,  Determination  of  benzene  concentrations  in  soil  and  water  requires  collection  of 
a  representative  field  sample  and  laboratory  analysis.  Due  to  the  volatility  of 
benzene,  care  is  required  to  prevent  losses  during  sample  collection  and  storage.  Soil 
and  water  samples  should  be  collected  in  airtight  containers  with  no  headspace; 
analysM  should  be  completed  within  14  days  of  sampling.  However,  recent  studies 
(3430)  show  large  losses  of  volatiles  from  soil  handling.  At  the  present,  the  best 
procedure  is  to  collect  the  needed  sample  in  an  EPA  VOA  vial,  seal  with  a  foil-lined 
septum  cap.  and  anslyze  the  entire  contents  in  the  vial  using  a  modified  purge  and 
trap  apparatus.  In  addition  to  the  targeted  samples,  quality  control  samples  such  as 
field  blanks,  duplicates,  and  spiked  matrices  may  be  specified  in  the  recommended 
method. 
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EPA-approved  procedures  for  the  analysis  of  benzene,  one  of  the  EPA  priority 
pollutants,  in  aqueous  samples  include  EPA  Methods  602,  624,  1624  (6.S),  8020  and 
8240  (63).  An  inert  gas  is  bubbled  through  the  aqueous  sample  in  a  purging  chamber 
at  ambient  temperature,  transferring  the  benzene  from  the  aqueous  phase  to  the 
vapor  phase  and  onto  a  sorbent  trap.  The  trap  is  then  heated  and  backflushed  to 
desorb  the  benzene  and  transfer  it  onio  a  gas  chromatographic  (GC)  coluhin.  The 
GC  column  is  programmed  to  separate  the  volatile  organia;  benzene  is  then  detected 
with  a  photo-ionization  detector  (Methods  602  and  8020)  or  a  mass  spectrometer 
(Metbods  624,  1624,  and  8240).  Direct  injection  may  also  be  used  for  samples 
containing  elevated  concentrations. 

The  EPA  procedures  recommended  for  benzene  analysis  in  soil  and  waste 
samples,  Methr^  8020  and  8240  (63),  differ  from  the  aqueous  procedures  primarily 
in  the  method  by  which  the  analyie  is  introduced  into  the  GC.  The  recommended 
method  for  low  level  soils  (<  1  rnglcg)  (Method  5030)  involves  dispersing  the  soil  of 
waste  sample  and  purging  in  a  heated  purge  and  trap  device.  Other  sample 
introduction  techniques  include  direct  injection  and  a  headspace  method. 

Coherent  anti-stokes  raman  scattering  (CARS)  has  also  been  ased  to  quantitate 
benzene  in  aqueous  solutions  (.3862).  Detection  limits  are  in  the  1  to  10  ppb  range. 

Typical  benzene  dctectirin  limits  that  can  be  obtained  in  wastewaters  and  non- 
aqueous  samples  (wastes,  sitils,  etc.)  arc  shown  below.  The  actual  detection  limit 
achieved  in  a  given  analysis  will  vary  with  instrument  sensitivity  and  matrix  effects. 

Aqueous  Detection  Limit  Non-Aoucous  Detection  Limit 

0.2  ttg/L  (Method  602)  2  ag.1tg  (Method  8020) 

4.4  yg/L  (Method  624)  5  jiglcg  (Method  8240) 

10  tigl,  (Method  1624) 

2  tigE  (Method  8020) 

3  <<g/L  (Method  8240) 
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COMMON 
SYNO?4YMS: 
Metbyl  Benzene 
Meib^  BenzoJ 
Pben^  Methane 
Toluene 
Toluol 


CAS  REG.  NOj  FORMULA; 

NIOSH  NO; 

XS5250000 


STRUCTURE; 


AIR  W/V  CON 

l^RSION 

FACTORS  at  21 

"o 

o 

3.77  ing/m3  »  1 

ppm; 

0.2652  ppm  s  1 

mg/m’ 

MOLECULAR 

WEIGHT; 

9114 

REACnVTTY 

Toluene  may  generate  heat,  react  vigorously,  and 
ignite  or  explode  in  contact  with  oxidizing  minera 
other  strong  oxidizing  agents  (507,  38,  511,  505). 

possibly 

1  acids  or 

•  Physical  State;  Liquid  (at  20“C) 

•  Color:  Colorless 

•  Odor:  Benzene-like 

•  Odor  Threshold:  Z900  ppm 

•  Density:  0.8669  g/mL  (at  20°C) 

•  Freczc/Melt  Point:  •95.00°C 

•  Boiling  Point:  110.60°C 

•  Flash  Point:  4.40“C  closed  cup 

•  Flammable  Limits:  1.20  to  7.10% 

by  volume 

•  Autoignition  Temp.:  480.0  to 

536.(fC 

PHYSICO-  •  Vapor  Pressure:  2.20E+01  mm  Hg 

CHEMICAL  (at  20*C) 

DATA  •  Satd.  Cone,  in  Air:  l.lOOOE-l-05 

mg/m’  (at  20°C) 

•  Solubility  in  Water:  5.15E-I-02 

mg/L  (at  20“C) 

•  Viscosity:  0.580  cp  (at  20®C) 

•  Surface  Tertsion:  2.9000E-I-01 

dyne/cm  (at  20'C) 

•  Log  (Octanol-Water 

Partition  Coeff.):  2.73 

•  Soil  Adsorp.  Coeff.:  2.59E-I-02 

•  Henry's  Law  Const.:  6.61  E-03 
atm  •  m’/mol  (at  25°C) 

•  Bioconc.  Factor:  2.60E-I-01  (cstim), 
2.71E-F01  (estim) 


(38151,506) 

(504.506.510) 


(67) 

(12119) 


(74 

(65^1,207) 
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PERSISTENCE 
IN  THE  SOIL- 
WATER 
SYSIEM 


Relatively  mobile  in  soil-water  systems,  including 
transport  of  vapor  through  air-fUled  pores  as  well  as 
transport  in  solution.  Chemical  i*  resistant  to  hydrolysis 
but  will  probably  biodegrade  easily  if  microbiological 
populations  are  sufficiently  numerous  and  active.  It  may 
persist  for  months  to  years  (or  more)  if  biodegradation 
is  not  possible. 


The  primary  pathway  of  concern  from  a  soil-water 

Pathways 

system  is  the  migration  of  toluene  to  groundwater 

OF 

drinking  water  supplies.  Data  from  NPL  sites  indicate 

EXPOSURE 

that  migration  of  this  compound  has  occurred  in  the 
past,  although  survey  data  do  not  show  extensive 
contamination  of  drinking  water.  Inhalation  resulting 
from  volatilization  from  surface  soils  may  also  be 
important. 

Signs  and  Symptoms  of  Short-term  Human  Fjcposure: 

154)  ■ 

9* 

Acute  exposure  to  toluene  results  in  CNS  depression. 
Symptoms  include  headache,  dizziness,  fatigue,  muscular 
weakness,  drowsiness  and  incoordination  with  staggering 
gait.  The  liquid  splashed  in  the  eyes  may  cause  irrita¬ 
tion  and  reversible  comeal  damage.  Prolonged  or  re¬ 
peated  skin  contact  may  cause  drying  and  dermatitis. 

HEALTH 

HAZARD 

DATA 

Acute  Toxicitv  Studies:  13504) 

INHALATION: 

LCj,  5320  ppm  •  8  hr 

LQ^  4000  ppm  •  4  hr 

TClo  100  ppm 

LClo  1600  ppm 

Mouse 

Rat 

Human 

Guinea  Pig 

ORAL: 

LDj,  5000  mg,1cg 

LDi^  50  mg/kg 

Rat 

Human 

SKIN; 

LD,4  12,124  mg/kg 

Rabbit 
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HEALTH 

HAZARD 

DATA 

(Cont.) 

Long-Term  Effects:  Inhalation:  respiratory  tract  lesioas; 
conflicting  data  on  kidney  effects;  chixtnic  abuse:  CNS 
imnairmcnt. 

Pregnancy/Neonate  Data:  Insufficient  data  to  determine 
teratoeenic  potential. 

Genotoxicity  Data:  Insufficient  data  to  determine 
genotoxic  ootential. 

Carcinogenicity  Gassification; 
lARC  -  No  data 

NTP  -  No  evidence  of  carcinogenicity  in  F344  rats  and 
B6C3F,  mice  by  inhalation. 

EPA  -  Group  D  (not  classifiable  as  to  human 
carcinogenicity) 

HANDLING 

PRECAUTIONS 

(38) 

Handle  chemical  only  ‘Aith  adequate  ventilatiori. 

•  Vapor  concentrations  of  200-5CO  ppm:  any  supplied- 
air  respirator,  self-contained  breathing  apparatus  or 
chemical  canridge  respirator  with  an  organic  vapor 
cartridge.  *  500-100C  ppm:  chemical  cartridge  respirator 
with  full  facepiece  and  organic  vapor  canister.  • 

1000-2000  ppm:  any  supplied-air  respirator  or  self- 
contained  breathing  apparatus  with  full  facepiece.  • 
Chemical  goggies  if  there  is  probability  of  eye  contact 
with  the  liquid.  •  Impervious  clothing  to  prevent 
prolonged  or  repeated  skin  contact. 

ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS  AND 

CRITERIA 


AIR  EXPOSURE  LIMITS: 


Standardg 

•  OSHA  TWA  (8-hr);  100  ppm:  STEL  (15-min):  150  ppm 

•  AFOSH  PEL  (8-hr  TWA):  100  ppm;  STEL  (iS-min):  100  ppm 

Criteria 

•  NIOSH  IDLH  (30-min):  2000  ppm 

•  NIOSH  REL  (10-hr  TWA):  lOO  ppm 

•  NIOSH  Ceiling  Limit  (10  min):  200  ppm 

•  ACGIH  T1 V®  (8-hr  TWA):  100  ppm 

•  ACGIH  STEL  (15-min):  150  ppm 


IM 
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ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS  AND  CRITERIA 

(ConL) 


WATER  EXPOSURE  LD/fITS: 

Drinking  Water  Standards  (3883) 

MCLG;  2  mg/L  (proposed) 

MCL  :  2  mg^  (proposed) 

EPA  Health  Advi»^ries  lind  Cancer  Risk  Levek  (3977) 

The  EPA  has  developed  the  following  Health  Advisories  which  provide  specific 
advice  on  the  levels  of  contaminants  in  drinking  water  at  which  adverse  health 
effects  v.-ould  not  be  anticipated. 

-  1-daj'  (child);  20  mg/L 

-  10-day  (child):  3  mg/L 

-  longer-term  (child):  3  mg/L 

-  longer-term  (adult):  10  mg/L 

•  lifetime  (adult):  2  mg/L 

WHO  Drinking  Water  Guideline 
No  information  available. 

EPA  Ambient  Water  Quality  Criteria 

•  Human  Health  (355) 

-  Based  on  ingestion  of  contaminated  water  and  aquatic  organisms.  14.3 
mg/L  Based  on  ingestion  of  contaminated  aquatic  organisms  only,  424 
mg/L  Based  on  ingestion  of  contaminated  water  only,  15.0  mg/L 

•  Aquatic  Life  (355) 

-  Freshwater  species 

acute  toxicity:  no  criterion,  but  lowest  effect  level  occurs  at  17,500 
chronic  toxicity: 

no  criterion  established  due  to  insufficient  data. 

-  Saltwater  species 
acute  toxicity: 

no  criterion,  but  lowest  effect  level  occurs  at  6300  ng'L. 
chronic  toxicity; 

no  criterion,  but  lowest  effect  level  occurs  at  5000  ^g/L 

REFERENCE  DOSES: 

3.000E-h02  #ig/kg/day  (3744) 


REGULATORY  STATUS  (as  of  Ol-MAR-89) 


Promulgated  Regulations 
t  Federal  Programs 

Qean  Water  Act  (CWA) 

Toluene  is  designated  a  hazardous  substance  under  the  CWA.  It  has  a 
reportable  quantity  (RQ)  limit  of  454  kg  (347,  3764).  /t  is  also  listed 
as  a  toxic  pollutant  subject  to  general  pretreatment  regulations  for  new 
and  existing  sources,  and  to  effluent  guidelines  and  standards  (351, 
3763).  Effluent  limitations  for  toluene  have  been  set  in  the  following 
point  source  categories:  electroplating  (3767),  organic  chemicals, 
plastics  and  synthetic  fibers  (3777),  steam  electric  power  generating 
(3802),  metal  finishing  (3768),  and  metal  molding  and  casting  (892). 
Limitations  vary  depending  on  the  type  of  plant  and  industry. 

Safe  Drinking  Water  Act  (SDWA) 

Toluene  is  on  the  list  of  83  contaminants  required  to  be  regulated 
under  the  SDWA  of  1974  as  amended  in  19^  (3781).  Toluene  is  one 
of  36  unregulated  organic  chemicals  requiring  special  monitoring  in  all 
community  water  systems  and  non-community,  non-transient  water 
systems  (3771).  In  states  with  an  approved  Underground  Injection 
(^ntrol  program,  a  permit  is  required  for  the  injection  of  toluene- 
containing  wastes  designated  as  hazardous  under  RCRA  (295). 

Resource  Conservation  and  Recovery  Act  (RCRA) 

Toluene  is  identified  as  a  toxic  waste  (U220)  and  listed  as  a  hazardous 
waste  constituent  (3783,  3784).  Non-specific  sources  of  toluene- 
containing  waste  are  solvent  use  (or  recovery)  activities,  chlorinated 
aliphatic  hydrocarbon  production,  and  spent  solvents  containing  10%  or 
more  toluene  (325).  Waste  streams  from  the  following  industries 
contain  toluene  and  are  listed  as  specific  sources  of  hazardous  wastes: 
organic  chemicals  (benzyl  chloride  production,  phenol/acetone 
production  toluene  diisocyanate  production),  pesticides  (disulfoton 
production),  petrokum  refining,  ink  formulation,  and  coking  operations 
(3774,  3765).  Toluene  is  subject  to  land  disposal  restrictions  when  its 
concentration  as  a  hazardous  constituent  of  certain  wastewaters 
exceeds  designated  levels  (3785).  Certain  variances  exist  until  May, 

1990  for  land  and  injection  well  disposal  of  some  wastewaters  and 
nonwastewaters  for  which  Best  Demonstrated  Available  Technology 
(BDAT)  treatment  standards  have  not  been  promulgated  by  EPA 
(3786).  Toluene  is  included  on  EPA’s  groundwater  monitoring  list. 

EPA  requires  that  all  hazardous  waste  treatment,  storage,  and  disposal 
facilities  monitor  their  groundwater  for  chemicals  on  this  list  when 
suspected  contamination  is  first  detected  and  annually  thereafter 
V3775). 
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Toxic  Substances  Control  Act  (TSCA) 

Manufacturers,  processors  o^  distributors  of  toluene  must  report 
production  usage,  disposal,  aind  exposure-related  information  to  EPA 
(334).  They,  as  well  as  others  who  possess  health  and  safety  studies  on 
toluene,  must  submit  them  tb  EPA  (3789). 


Comprehensive  EnvironTrental  Restxtnse  Compensation  and  Liability 


Act  (CERCLA)  I 

Toluene  is  designated  a  hazardous  substance  under  CERCLA.  It  h^  a 
reportable  quantity  (RQ)  linjiit  of  454  kg  (3766).  Reportable  quantities 
have  also  been  issued  for  RCRA  hazardous  waste  streams  containing 
toluene  but  these  depend  u|!)on  the  concentration  of  the  chemicals 
present  in  the  waste  stream  |(3766).  Under  SARA  Title  HI, 
manufacturers,  processors,  iihporters,  and  users  of  toluene  must  report 
annually  to  EPA  and  state  bftlcials  their  releases  of  this  chemical  to 
the  environment  (3787). 

Federal  Insecticide.  Fungicide  and  Rodenticide  Act  (FIFRA) 

Toluene  is  exempt  from  a  tolerance  requirement  when  used  as  a 
solvent  or  cosolver.t  in  pesticide  formulations  applied  to  growing  crops 
(315).  I 

Occupational  Safety  and  Health  Act  (OSHA) 

Employee  exposure  to  toluene  shall  not  exceed  an  8-hour 
time-weighted  average  (TWA)  of  100  ppm.  An  employee  15-minute 
short  term  exposure  limit  (SiTEL)  of  150  ppm  shall  not  be  exceeded  at 
any  time  during  a  work-day  1(3539). 

i 

Hazardous  Materials  Transportation  Act  (HMTA) 

The  Department  of  Transportation  has  designated  toluene  as  a 
hazardous  materiai  with  a  reportable  quantity  of  454  kg,  subject  to 
requirements  for  packaging,  |  labeling  and  transportation  (3180). 

Food.  Drug  and  Cosmetic  Act  (FDCA) 

Toluene  is  approved  for  use  as  an  indirect  food  additive  as  a 
component  of  adhesives  (3209). 
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•  State  Water  Programs 

ALL-SIATES 

Ail  states  have  adopted  EPA  Ambient  Water  Quality  Criteria  and 
NPDWRs  (see  Water  Exposure  Limits  section)  as  their  promulgated 
state  regulations,  either  ty  narrative  reference  or  by  relisting  the 
specific  numeric  criteria.  ITiese  states  have  promulgated  additional  or 
more  stringent  criteria: 

CALirORNIA 

California  has  an  action  level  of  100  pg/L  for  drinking  water  (3098). 

CQNNEmcyr 

Connecticut  has  an  action  lex-el  of  1000  pg/L  and  a  Quantification  limit 
of  2  /ig/L  for  drinljng  water  (3138,  3137). 

DISTRICT  OF  COLUMBIA 

The  District  of  Columbia  has  a  human  health  criterion  of  1000  tig/L 
for  public  water  supply  surface  waters  (3828). 

NEW  HAMPSHIRE 

New  Hampshire  has  set  an  enforceable  Toxic  Contaminant  Level 
(TCL)  for  toluene  in  drinking  water  o"  1  rog/L  for  a  ten-day  exposure 
(assume  a  child  weighing  10  kg  who  drinki  one  liter  of  water  per  day) 
(3710). 

NEW  MEXICO 

New  Mexico  has  a  water  quality  criterion  of  750  Mg/L  for  toluene  in 
ground-water  (3499). 

NEW  YORK 

New  York  has  an  MCL  of  5  fig/L  for  drinking  water,  and  a  non- 
cnforccable  water  quality  guideline  of  50  fig/L  for  surface  and  ground- 
waters  (3501). 

OKLAHOMA 

Oklahoma  has  a  water  quality  standard  of  0.5  /ig/L  for  ground-water 
(3534). 

RHODE  ISLAND 

Rhode  Island  has  an  acute  freshwater  quality  guideline  of  635  ug'L 
and  a  chronic  guideline  of  14  ,'tg/L  for  the  protection  of  aquatic  life  in 
surface  waters.  These  guidelines  are  enforceable  under  Rhode  Island 
state  law  (3590). 

SOLPTH  DAKOTA 

South  Dakota  requires  toluene  to  be  nondetectable,  using  designated 
test  methods,  in  ground-water  (3671). 
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VERMONT 

Vermont  has  a  preventive  vt.c'*  l^nu  of  1.21  m^  and  an 
enforcement  standard  of  Z42  v  i|[/l  toluene  in  ground  water  (3682). 

WISCONSIN 

Wisconsin  has  a  preventive  action  limit  of  68.6  tig/L  and  an 
enforcement  standard  of  343  fsg/L  for  toluene  in  ground-water  (3840). 
Wisconsin  also  has  set  a  human  threshold  criterion  of  7.6  mg/l  for 
public  water  supply  surface  waters  (3842). 

Proposed  Regulations 
•  Federal  Programs 

Resource  Conservation  And  Recovery  Act  (RCRA) 

EPA  has  proposed  that  solid  wastes  be  listed  as  hazardous  in  that  they 
exhibit  the  characteristic  defined  as  EP  toxicity  when  the  TCLP  extract 
concentration  is  equal  to  or  greater  than  14.4  mg/L  toluene.  Final 
promulgation  of  this  Toxicity  Characteristic  Rule  is  expected  in  June, 

1989  (1365). 

Safe  Drinking  N^'ater  Act  (SDWA) 

EPA  has  proposed  an  MCL  and  MCLG  of  2  mg/L  for  toluene  (as  well 
as  Health  AtMsories).  Final  promulgation  is  expected  in  December, 

1990  (3759). 


•  State  Water  Programs 
MOST  STATES 

Are  in  the  process  of  revising  their  water  programs  and  proposing 
changes  in  their  regulations  which  will  follow  EPA’i  changes  when  they 
become  final.  Gintact  with  the  State  Officers  is  advised.  Changes  arc 
projected  for  1989  90  (3683). 

]sm 

Iowa  has  proposed  acute  criteria  of  7500  yg/L  for  Oass  B  (limited 
resource  warm  water)  surface  wa;ers  and  2.^  Ug.'L  for  all  other  Class 
B  surface  waters.  Ictws  has  also  propf»cd  chrome  criteria  of  l.M)  ygE 
for  Gass  B  (limited  resource  warm  water)  surface  waters,  and  50  jugL 
for  all  other  Gass  B  surface  waters.  These  criteria  are  for  the 
protection  of  aquatic  life  (3326). 

KANSAS 

Kansas  has  proposed  a  water  quality  criterion  of  2000  ng/L  for  toluene 
in  ground-water  (3213). 

MINNESOTA 

Minnesota  has  proposed  a  Recommended  Allowable  Limit  (RAL)  of 
2420  iigl,  for  toluene  in  drinking  water  (.3451).  Minnesota  has  also 
propoised  a  Sensitive  Acute  Limit  (SAL)  of  .3044  pgL  for  surface 
waters,  and  chronic  criteria  of  68  fot  designated  surface  waters 
and  2420  ug/L  for  designated  ground-waters.  These  criteria  arc  for  the 
protect  on  of  human  health  (3452). 
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eirectivc  on  Ground-Water  (338) 
ircct  discharge  into  ground-water  (i.o.,  pexolation  through 

the  ground  or  subsoil)  of  organoKiiogcn  col  rc^indi  and  substances 
which  may  form  such  compounds  .n  tn?  aqua'ie  t'Sironment, 
substances  which  possess  carcinogenic,  'lutagenic  rx  teratogenic 
properties  in  or  via  the  aouatic  em-irnrinienl,  and  nrincral  oils  and 
nydrocarbons  is  prohibitea.  Appropn.ite  measures  deemed  necessary  to 
prevent  indirect  discharge  into  nound-waicr  (  .c.,  '■’t\  percolation 
through  ground  or  subsoil)  of  these  subi^taoces  shall  be  taken  by 
member  countries. 


Directive  Relating  to  the  gavsification,  Packaang  and  Labeling  of 
Pan^erQu*  Preparations  (Solvcnu)  (544) 

Toluene  is  listed  as  a  Class  lie  harmful  substance  and  is  subject  to 
packaging  ad  labeling  regulations. 


Directive  on  Toxic  and  Pan£crQu<  Wastes  (542) 

Any  irutailaiion.  establLshmcnt,  or  undertaking  which  produces,  holds 
and'or  disposes  of  certain  toxic  and  dangerous  wastes  including  ohenois 
and  phenol  compounds;  organic-halogen  compounds,  excluding  iiicrt 
polymeric  matenats  and  otficr  substances  referred  to  in  this  list  or 
covered  by  other  Directives  concerning  the  disposal  of  toxic  and 
dangerous  waste;  chlorinated  solvents;  orgatiic  solvents;  biocides  and 
phyto-  pharmaceutical  substances;  ethers  and  aromatic  polycyclic 
compounds  (with  carcinogenic  cffccu)  shall  keep  a  record  of  the 
quantity,  nature,  physical  and  chemical  characteristics  and  origin  of 
such  waste,  and  of  the  methods  and  sites  used  for  disposing  of  such 
waste. 

Directive  ofl  the  giMjOcaiiQn,  Packaging  and  Labeling  of  Dangerous 
Swbgt.an£a  C^w^) 

Toluene  ia  classincd  as  a  flammable,  harmful  substance  and  is  subject 
to  packaging  and  labeling  regulations.  Toluene  may  contain  a  stablircr. 
If  the  stabli/cr  change*  the  dangerous  properties  of  this  substance, 
sunsiance  should  be  labeled  in  accordance  with  rules  in  Annex  1  and 
EEC  88/490.  22  July  19f«. 

EEC  Pirccii^:c  £L9Xxyc<i!.  Pcy?!ti<i<!D 

Resolution  on  a  Revised  Lost  of  bccond-Catcgory  Pollutants  (545) 
Toluene  is  one  of  ihe  second-category  pollutants  to  be  studied  h\’  the 
Oimmission  m  the  programme  of  at'  .'n  of  the  European  Communities 
on  Environment  in  order  to  redi!''e  {xillulior  -rid  nuentes  in  the  air 
and  water.  Ruk  to  human  hc«lt.i  an.l  die  environment,  iimiu  of 
pollutant  levels  in  the  environmetii.  and  dctcrminilkin  of  quality 
standards  to  be  applied  will  he  uisesscd. 
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19.1  MAJOR  USES 

Toluene  j«  an  important  raw  material  for  organic  syntheses.  It  is  used  in  the 
production  of  benzene,  benzyl  chloride,  benzoic  acid,  phenol,  cresols,  vinyl  toluene, 
TNT  and  toluene  diisocyanate.  It  is  also  used  as  a  solvent  for  paints,  rubber  and 
resins  aixl  as  a  component  of  motor  and  aviation  fuels  (206).  Toluene  may  be 
encountered  as  a  relatively  pure  substance  or  it  may  be  contaminated  with  as  much  as 
23%  benzene  (206). 


19.2  ENVIRONMENTAL  FATE  AND  EXPOSURE  PATHWAYS 
19J.1  Transport  in  SoQ/Ground-water  Systems  . 

19.2.1.1  Overview 

Toluene  may  move  through  the  soil/ground-water  system  when  present  at  low 
concentrations  (dissolved  in  water  and  sorbed  on  soil)  or  as  a  separate  organic  phase 
(resulting  from  a  spill  of  signiHcant  quantities  of  the  chemical).  In  general,  transport 
pathways  of  low  soil  concentrations  can  be  a.ssesscd  by  estimating  equilibrium 
partitioning,  as  shown  in  Table  19-!.  These  calculations  predict  the  partitioning  of 
toluene  among  soil  particles,  soil  water  and  soil  air.  The  toluene  associated  with  the 
water  and  air  phases  of  the  soil  is  more  mobile  than  the  adsorbed  compound. 

The  estimates  for  the  unsaturated  topsoil  model  indicate  that  nearly  all  of  the 
toluene  (97%)  is  sorbed  to  the  soil.  A  much  smaller  amount  (2%)  will  be  present  in 
the  soil-water  pha.se  and  can  thus  migrate  by  bulk  transport  (e.g.,  the  downward 
movement  of  infiltrating  water),  dispersion  and  diffusion.  For  the  portion  of  toluene 
in  the  gaseous  pha.se  of  the  soil  (1.6%).  diffusion  through  the  soil-air  pores  up  to  the 
ground  surface,  and  subsequent  removal  by  wrind,  will  be  a  significant  loss  pathway. 
There  is  no  significant  difference  in  the  partitioning  calculated  for  2S*C  and  I0°C. 

In  saturated,  deep  soils  (containing  no  soil  air  and  negligible  soil  organic  carbon), 
a  much  higher  fraction  of  the  toluene  (48%)  a  likely  to  be  present  in  the  soil-water 
phase  (Table  19-1)  and  traasported  writh  flowing  ground-water. 

Wilson  e*  al.  (82)  investigated  the  transport  and  fate  of  toluene  in  solutions 
applied  to  sandy  sc'ils.  In  a  toil  column  receiving  solutions  with  less  than  I  mgL 
toluene,  approximately  40-70%  wa.s  volatilized  and  2-1.1%  percolated  through  the  soil 
column  with  minimal  retardation.  Between  20-60%  was  either  degraded  or  not 
.accounted  for  in  the  study.  The  retardation  factor  for  toluene  in  the  soil  columas 
(i.e.,  intentuial  water  vclocityAtclocity  of  toluene)  was  determined  to  be  <1 
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Detnirjian  et  al.  (522)  found  that  land  treatment  of  sewage  sludge  containing 
toluene  (applied  at  0.0092  kg  toluene/ha)  led  to  undetectable  levels  of  the  chemical 
in  the  soil  at  the  end  of  the  study.  Volatilization  was  presumably  an  important 
pathway.  In  a  field  study  on  the  removal  of  organics  from  water  by  dune-infiltration 
(using  water  from  the  Rfiine  River).  Piet  et  al.  (226)  actually  found  increases  in  the 
toluene  concentration  in  the  water  after  infiltraticn.  While  the  reason  for  the 
increase  is  not  known,  and  may  have  been  due  to  some  artifact  of  the  study,  the 
results  do  indicate  that  toluene  is  easily  transported  by  infiltrating  water. 


TABLE  19-1 

EQUILIBRIUM  PARTmOMNG  CALCULATIONS  FOR 
TOLUENE  IN  MODEL  ENVIRONMENTS* 


Soil 

Unsaturated 
topsoil*' 
at  25*C 

96.5 

1.9 

.  1.6 

at  lire 

97.0 

2.0 

0.% 

Saturated 

deep  soil* 

52.1 

47.9 

• 

a)  Calculations  ba.sed  on  Mackay’s  equilibrium  partitioning  model  (34,  35.  36);  sec 
Introduction  for  description  of  model  and  environmental  conditions  chosen  to 
represent  an  uasaturated  topsoil  and  saturated  deep  soil.  Calculated  percentages 
should  be  considered  as  rough  estimates  and  used  only  for  general  guidance. 

b)  Utilized  estimated  soil  sorption  coefficient:  ■  259  (Estimated  by  Arthur  D. 

Little,  Inc.) 

c)  Henry's  law  constant  taken  a.s  6.61E-03  atm  ■  mVmot  at  25*C  (7-1),  and,  0.00385 
atm  •  mVmol  at  I0“C  (latter  calculated  using  25“C/10*C  ratio  of  H  values  from 
Brown  and  Wasik  (521)). 

d)  Used  sorption  coefficient  (K,)  calculated  as  a  function  of  K« 
assuming  0.1%  organic  carbon:  K,  ■  0.001  x 


192.1.2  Sorption  on  Sods 

The  mobility  of  toluene  in  the  soil/ground-water  system  (and  its  eventual 
migration  into  aquifers)  is  strongly  affected  by  the  extent  of  its  sorption  on  soil 
particles.  In  general,  sorption  on  soils  is  expected  to:  increase  'Jrith  incrca.sing  soil 
organic  matter  content;  increase  slightly  with  decreasing  temperature;  incrca.se 
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moderately  with  increasing  salinity  of  the  soil  water,  and  deaease  moderately  with 
increasing  dissolved  organic  matter  content  of  the  soil  water. 

Based  upon  its  octanol-water  partition  coefficient  of  537,  the  soil  sorption 
coefTicient  (K,„)  is  estimated  to  be  259.  This  number  is  indicative  of  moderate 
sorption  to  soils. 

Nathwani  et  al.  (523)  found  that  toluene  sorption  on  soils  followed  a  Freundlich 
isotherm  in  the  concentration  range  of  1-100  mg/l.  The  typical  Freundlich  equations 
for  toluene  sorption  on  various  soils  were: 

(1)  S  ■  KO  -  3.52C'"' 

Wendover  silty  clay  (pH  5.4,  16.2%  organic  matter) 

(2)  S  «  IbOC-* 

Vandreil  sandy  loam  (pH  5.1,  10%  organic  matter) 

(3)  S  «  0.90^* 

Grimsby  silt  loam  (pH  4.4,  1%  organic  matter) 

where  S  •  ng  toluene  sorbed/g  soil  and 

C  <B  equilibrium  solution  concentration  (mg/L). 

19JLi  J  Volatilizatioa  from  Soik 

Transport  of  toluene  vapors  through  the  air-filled  pores  of  unsaturated  soils  is  an 
important  transport  mechanism  for  near-surface  soils.  In  general,  important  soil  and 
environmental  properties  influencing  the  rate  of  volatilization  include  soil  porosity, 
temperature,  convection  currents  and  barometric  pressure  changes:  important 
physico-chemical  properties  include  the  Henry's  law  constant,  the  vapor-soil  sorption 
coefficient,  and,  to  a  lesser  extent,  the  vapor  phase  diffusion  coefficient  (31).  TTic 
studies  of  Wilson  et  al.  (82)  and  Demiryian  et  al.  (522)  provide  fairly  strong  evidence 
that  volatilization  is  an  important  loss  mechanism  for  near  surface  soils.  Sorption  of 
toluene  vapors  on  the  soil  may  slow  the  vapor  phase  transport:  PolitzU  et  al.  (516) 
have  shown,  for  example,  that  the  vapor  pressure  of  toluene  in  the  presence  of  (and 
thus  partially  sorbed  to)  silica  gel  was  decreased  by  a  factor  of  almost  IE ->■04  from 
the  pure  compound  value. 

The  Henry’s  law  constant  (H),  which  provides  an  indication  of  a  chemical's 
tendency  to  volatilize  from  solution,  increases  significantly  with  increasing  temperature 
(28).  Moderate  increases  in  H  are  also  expected  with  increasing  salinity  due  to  a 
decrease  in  toluene's  solubility  (517). 
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19^2  Trensfonnation  Procesces  in  SoS/Ground-water  Syftetni 

The  persistence  of  toluene  in  soil/ground-water  systems  is  not  well  documented. 
In  most  cases,  it  should  be  assumed  that  the  chemical  will  persist  for  months  to  years 
(or  more).  Toluene  that  has  been  released  into  the  air  will  eventually  undergo 
photochemical  oxidation;  a  tropospheric  lifetime  of  15  hours  has  been  estimated  (10). 

Toluene  under  normal  environmental  conditions  is  not  expected  to  undergo 
hydrolysis  (10,  33).  Further,  toluene  is  not  expected  to  be  susceptible  to  oxidation  or 
reduction  reactions  n  the  soil/ground-water  environment 

Available  data  indicate  that  toluene  is  biodegradable  in  the  soil^ground-water 
environment  (10,  5^4,  525,  236,  55,  519).  A  number  of  species  of  microorganisms  are 
capable  of  using  toluene  as  the  sole  carbon  source.  Toluene  is  easily  degraded  in 
adaptable  mixed  cultures  (55).  However,  in  most  soil/ground-water  systems  such 
aerobic  degradation  would  be  of  minimal  importance  because  of  the  low 
concentration  of  microorganisms  (at  depth)  and  the  low  dissolved  oxygen  (anaerobic) 
conditions.  No  data  are  available  on  the  susceptibility  of  toluene  to  anaerobic 
biodegradation. 

1923  Primary  Routes  of  Exposure  From  Soil/Grouod-water  Systems 

The  properties  of  toluene  and  the  above  discussion  of  fate  pathways  suggest  that 
toluene  is  highly  volatile  from  aqueous  solutions,  moderately  adsorbed  by  soil  and  has 
a  low  potential  for  bioaccumulation.  This  compound  may  volatilize  fr.om  st.il  surfaces: 
however,  the  portion  not  removed  by  volatilization  may  eventually  migrate  tn  ground- 
water.  These  fate  characteristics  suggest  several  potential  exposure  pathways. 

Volatilization  of  toluene  from  a  disposal  site,  particularly  during  drilling  or 
restoration  activities,  could  result  in  inhalation  exposures.  The  potential  for  ground- 
water  contamination  is  high,  particularly  in  sandy  soil.  Mitre  (83)  reported  that 
toluene  has  been  found  at  95  of  the  546  National  Priority  List  (NPL)  sites,  h  was 
detected  at  74  sites  in  ground-water,  41  sites  in  surface  water  and  12  sites  in  air. 

TTtis  compound  was  also  reported  in  the  USEPA  (531)  Ground-water  Supply 
Survey  (GWSS).  This  survey  examined  945  finished  water  supplies  that  use  ground¬ 
water  sources.  The  resulu  for  toluene  are  summarized  in  the  following  table. 

The  random  results  are  intended  to  statistically  represent  the  U.S.  ground-water 
drinking  water  supplies.  The  non-random  samples  were  chosen  by  the  states  as  being 
potentially  contaminated.  Toluene  was  also  detected  in  the  National  Organic 
Monitoring  Survey  (NOMSi  (90). 
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Saroolc  Tvpe 

Occurrences' 
No _ % 

Median 
of  Positives 
fue/Ll 

Maximum 

fug/Ll 

Random 

Supplies  serving  <10,000  people 
(2^1  samples) 

4 

1.4 

0.62 

0.85 

Supplies  serving  >10,000  people 
(186  saimples) 

2 

1.1 

26 

19 

Non-Random 

Supplies  serving  <10,000  people 
(321  samples) 

4 

1.2 

0.67 

0.79 

Supplies  serving  >10,000  people 
(158  samples) 

1 

0.6 

1.5 

1.5 

‘Samples  having  levels  over  quantiOcotton  limit  of  0.5  ng/L. 


The  properties  of  toluene  and  the  results  described  above  indicate  that  this 
compound  has  the  potential  for  movement  in  soil/ground-water  systems.  This 
compound  may  eventually  reach  surface  waters  by  this  mechanism,  suggesting  several 
other  exposure  pathways: 

•  Surface  waten  may  be  used  as  drinking  water  supplies,  resulting  in  direct 
ingestion  exposure. 

•  Aquatic  organisms  residing  in  these  waters  may  be  consumed,  also  resulting  in 
ingestion  exposures  through  bioaccumulation. 

•  Recreational  use  of  these  waters  may  result  in  dermal  exposures. 

•  Domestic  animals  may  consume  or  be  dermaiily  exposed  to  contaminated 
ground  or  surface  waten;  the  consumption  of  meats  and  poultry  could  then 
result  in  ingestion  exposures. 

In  general,  exposures  associated  with  surface  water  contamination  cat;  be 
expected  to  be  lower  than  exposure  from  drinking  contaminated  ground-wbier  for  two 
reasTTS.  Pint,  the  Henry’s  law  constant  for  toluene  suggests  that  it  wi'!  volatilize 
upon  reaching  surface  waten.  Secondly,  the  bioconcentration  factor  for  this 
compound  is  low,  suggesting  limited  bioaccumulatipn  in  aquatic  organisms  or  domestic 
animals. 

19.2.4  Other  Sources  of  Exposure 

Toluene  is  a  widely  used  chemical,  predominantly  in  gasoline,  chemical  synthesis 
(benzene,  phenol  and  othen),  and  as  a  solvent.  As  a  res’ilt  of  emissions  during 
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production,  use,  and  disposal,  and  because  of  high  volatility,  toluene  has  become 
pervasive  in  the  environment. 

The  data  presented  above  on  the  Ground-water  Supply  Survey  (531)  suggest  that 
toluene  is  found  in  a  limited  number  of  ground-water  supplies  used  as  drinking  water. 
Coniglio  et  al.  (223),  in  a  summary  of  data  from  SRI,  NOMS  and  NORS,  found  that 
toluene  was  detected  at  a  frequency  of  19.4%  in  Gnished  surface  water. 

The  volatility  of  toluene  suggests  that  it  may  be  found  in  air.  Brodzinsky  and 
Singh  (84)  compiled  all  available  atmospheric  monitoring  data  for  a  number  of 
volatile  organics.  For  toluene,  they  had  data  for  3498  locations.  In  rural  and  remote 
areas,  the  median  concentration  was  Z5  t^g/m’.  In  urban  and  suburban  areas,  the 
median  concentration  was  41  /ig/m^  In  source-dominated  locations,  the  median 
concentration  was  17  /ig/m^  These  results  indicate  that  individuals  are  exposed  via 
inhalation  even  in  rural  and  remote  areas. 

Toluene  has  also  been  identiGed  in  cigarette  smoke.  According  to  the  NRC 
(743),  the  average  toluene  exposure  is  0.1  mg  per  cigarette.  This  route  would  likely 
represent  the  greatest  source  of  expxjsure  for  smokers. 


193  HUMAN  HEALTH  CONSIDERATIONS 
19J.1  Animal  Studies 
19J.1.1  Cardnogenidity 

An  increased  incidence  of  neoplasms  has  been  observed  in  rats  and  mice  exposed 
to  toluene  by  dermal  application  and  gavage;  however,  the  evidence  is  insufGcient  to 
determine  the  carcinogenic  potential  of  toluene  by  these  routes.  Toluene  applied  to 
the  skin  of  mice  for  1  year  failed  to  elicit  skin  neoplasms  or  an  increased  frequency 
of  systemic  turnon.  However,  it  was  not  clear  whether  the  toluene  was  allowed  to 
evaporate  or  was  applied  under  an  occlusive  dressing  (619).  Skin  cancers  were 
observed  in  2  mice  out  of  a  group  of  30  who  were  subjected  to  topical  application  of 
16  to  20  n\  of  toluene  twice  weekly  for  72  weeks  (43).  In  a  gavage  study  conducted 
by  Maltoni  et  al.  (3423),  40  male  and  40  female  Sprague  Dawley  rats  were  given  500 
mg/kg  of  toluene  in  olive  oil  4  to  5  daysAveck  for  2  years.  Hemolymphoreticular 
neoplasms  were  reported  in  3  of  37  exposed  males  and  in  7  of  40  exposed  females 
compared  with  3  of  45  and  1  of  40  controls,  respectively. 

However,  results  from  two  long-term  carcinogenicity  studies  indicate  that  toluene 
is  clearly  not  carcinogenic  in  rats  and  mice  by  inhalation  at  concentrations  up  to  1200 
ppm.  In  an  inhalation  study  conducted  by  Gibson  and  Hardisty  (3245),  no  increased 
incidence  of  neoplasms  was  observed  in  male  and  female  Fischer  344  rats  (120 
animals/exposure  group)  following  exposure  to  30,  100,  or  300  ppm  of  toluene,  6 
hours/day,  5  days/week  for  2  years.  Results  of  a  2-year  NTP  inhalation 
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carcinogenicity  study  indicated  no  evidence  of  carcinogenic  activity  in  male  and  female 
luscher  344  rats  exposed  to  toluene  at  concentrations  of  600  and  1200  ppm  (6.5 
bours/day,  5  days/weeic)  or  in  male  and  female  B6C3F,  mice  exposed  to  toluene  at 
concentrations  of  120,  600,  or  1200  ppm  (6J  hours/day,  5  daysAveek)  (3485). 

193.1.2  Geootaxicity 

Cytogenetic  data  in  lymphocytes  of  toluene-exposed  workers  are  contradictory. 
Bauchinger  et  al.  (622)  observed  a  statistically  significant  number  of  chromatid  breaks, 
exchanges  and  gaps  among  workers  employed  for  16  years  in  u  rotogravure  plant. 
Vapor  concentrations  ranged  from  200-300  ppm.  However,  this  data  is  questionable 
because  the  investigaton  failed  to  separate  the  data  from  smokers  and  nonsmokers. 

In  a  follow-up  study,  Schmid  et  al.  (3622)  examined  the  lymphocytes  of  these  workers 
after  they  had  been  in  a  toluene-free  environment  for  a  period  of  4  months  to  5 
years.  Chromatid  aberrations  were  at  a  higher  incidence  compared  with  controls  for 
up  to  2  years  after  cessation  of  exposure  to  toluene.  After  longer  post-exposure 
periods,  aberrations  yields  were  at  background  levels.  Other  investigators  reported 
negative  results  in  chromosomal  analysis  of  workers  exposed  to  vapor  concentrations 
in  the  7-200  ppm  range  (623,  724). 

Toluene  did  not  induce  recessive  lethals  in  germ  cells  of  Drosophila  melanugaster 
males  exposed  to  500  or  1000  ppm  by  feeding  for  24  hours  nor  did  it  induce 
chromosomal  aberrations  in  male  Wistar  rats  exposed  to  300  ppm  by  inhalation,  6 
hr/day,  5  days/week  for  15  weeks  (624).  Toluene  was  also  negative  in  inducing 
histidine  reversions  in  the  Salmonella/microsome  assay  with  or  without  activation 
(3276,  3233), 

Conflicting  results  have  been  reported  for  the  induction  of  micronuclei  in  bone 
marrow  cells  of  mice.  Negative  results  were  found  with  oral  treatment  of  CD-I  males 
(3232)  and  of  CD-I  male.'  and  females  (3233),  but  significant  positive  results  were 
observed  when  NMRI  males  were  injected  with  toluene  (3462,  3463).  No  chromo¬ 
somal  aberrations  were  observed  in  the  study  with  oral  treatment  of  male  and  female 
mice  (3233). 

193.13  Teratogenicity,  Embryotoxidty  and  Reproductive  Effects 

There  are  many  recent  studies  in  which  toluene  has  been  administered  by 
inhalation  to  pregnant  test  animals.  Ghantous  and  Danielsson  (3243)  found  toluene 
levels  in  the  feta!  mouse  much  lower  than  levels  in  the  maternal  tissues.  Ungvary 
(3754)  noted  signs  of  skeletal  retardation  in  offspring  of  pregnant  rats  exposed  to 
1000  mg/m’.  Tests  with  mice  resulted  in  weight  reduction  and  skeletal  retardation  of 
fetuses  at  this  level  but  not  at  500  mg/m’  (3753).  Their  tests  with  pregnant  rabbits 
showed  no  statistically  significant  effect  on  the  ofiispring  at  the  500  mg/m’  level,  but 
1000  mg/m’  caused  spontaneous  abortion.  Courtney  et  al.  (3143)  administered 
toluene  at  1500  mg/m’  to  mice  from  days  6  to  16  of  gestation  and  called  it 
teratogenic  at  that  level  due  to  a  significant  shift  in  the  fetal  rib  profile.  There  also 
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was  increased  body  weight  in  the  neonates  on  day  1  postpartum.  Shigeta  et  al. 

(3643)  exposed  rats  to  100  ppm  toluene  &om  the  13th  day  of  gestation  to  48  days  of 
age.  There  were  no  effects  on  developmental  signs  of  ofbpring,  but  in  one  group  of 
male  offspring  learning  acquisition  was  slow. 

Tested  orally  in  pregnant  mice,  toluene  doses  of  0.3,  0.5  or  1.0  niL/kg  caused 
embryonic  lethality,  while  reduction  in  fetal  weight  occurred  in  the  two  higher  dose 
poups  (3488).  A  statistically  significant  increase  in  the  incidence  of  cleft  palate 
occurred  at  the  1.0  mL/kg  level.  No  fetotoxic  effects  of  toluene  were  noted  by  oral 
dosing  of  pregnant  mice  by  Seidenberg  et  al.  (3634)  at  1,800  mg/kg/day  or  by  Hardin 
et  al.  (3271)  at  3,000  mg/kg/day. 

19J.1.4  CXber  Toziajlogic  Effects 

19J.1.4.1  Short-term  Toxicity 

The  oral  LD,,  for  rats  is  5  g/kg  (47).  The  minimum  lethal  vapor  concentration 
for  mice  was  found  to  be  5300  ppm  in  an  8-hour  exposure  (206).  The  inhalation 
LCj4  value  for  mice  is  5320  ppm  ■  8hr  (47).  Dermal  LD,*  values  of  12.1  and  14  g/kg 
hnve  been  reported  for  the  rabbit  (12,47). 

Inhalation  appears  to  be  the  most  frequent  and  most  important  route  of 
exposure  to  toluene.  Animal  experiments  indicate  that  the  main  toxic  effects  of  acute 
inhalation  exposure  are  upon  the  central  nervous  system  (CNS).  This  is  not 
surprising  based  on  the  high  lipid  solubility  of  toluene  and  the  high  lipid  content  of 
the  brain.  Therefore,  uptake  in  the  various  brain  regions  is  widespread  and 
correlated  with  the  total  lipid  content  of  each  brain  region.  The  CNS  response  is 
biphasic.  with  an  initial  excitable  phase  followed  by  CNS  depression.  Hinman  (3291) 
reported  that  inhalation  exposure  to  concentrations  of  10,000  to  15,000  ppm  for  60 
minutes  resulted  in  an  initial  increase  in  locomotor  activity:  however,  with  continued 
exposure  at  these  levels,  locomotor  activity  decreased  and  eventually  spontaneous 
activity  ceased. 

Inhalation  exposure  to  concentr’itions  ranging  from  1000  to  2000  ppm  can  result 
in  instability,  incoordination,  light  narcosis  and  tremors  (206).  Concentrations  ranging 
from  100  to  4000  ppm  can  produce  effects  on  behavioral  patterns  and  on  the 
electrical  activity  of  the  brain  of  rats.  Rats  exposed  by  inhalation  to  concentrations 
of  1000,  2000,  and  4000  ppm  for  4  hours  exhibited  disturbed  sleep-wake  patterns 
(3698).  Concentrations  ranging  from  100  to  1000  ppm.  6  hours/day  for  20  days 
resulted  in  reduced  wheel-turning  activity  in  rats  (3298).  Ikeda  and  Miyake  (3320) 
found  that  learning  was  impaired  in  rats  exposed  to  4000  ppm  of  toluene,  2  hours/day 
for  60  days. 

Recent  studies  have  found  that  toluene  induces  hearing  loss  in  rats  after 
short-term,  high-level  inhalation  exposures.  Based  on  behavioral  and 
electrophysiologic  changes,  Pryor  et  al.  (621)  observed  hearing  loss  in  male  Fischer 
344  rats  following  three-day  exposures  to  1500  ppm  for  14  hours  daily  or  2000  ppm 


19^18 


TOLUENE 


for  8  houn  daily.  Single  exposures  to  4000  ppm  for  4  hours  or  2000  ppm  for  8 
hours  were  without  effect  Exposure  to  vapor  concentrations  of  400-7()0  ppm  were 
without  effect  even  after  16  weeks  of  exposure  (621).  Johnson  et  al.  (3342)  also 
observed  high-frequency  auditory  impairment  in  rats  following  inhalation  exposure  to 
1000  ppm  of  toluene,  16  hours/day,  S  days/week  for  2  weeks.  The  authors  suggested 
that  the  major  cause  of  the  impairment  was  cochlear  damage.  This  is  supported  by 
data  from  an  oral  gavage  study  in  which  Fischer  344  and  Sprague  Dawley  rats  were 
provided  620  mg/kg  of  toluene  once  per  day  for  4  weeks.  In  this  study,  hearing  loss 
resulted  from  damage  to  the  outer  hair  cells  of  the  inner  ear  (3691). 

Other  toxicological  effects  have  been  observed  following  short-term  inhalation 
exposure  to  toluene,  with  the  primary  target  organs  being  the  kidney,  brain,  and  lung. 
Concentrations  of  200  and  5000  ppm,  7  hours/day,  5  days/week  for  5  to  15  weeks 
resulted  in  decreased  leukocyte  counts,  pulmonary  lesioiis,  and  casts  in  renal  tubules 
in  the  kidneys  of  rats.  Increased  mortality  was  observed  in  the  5000  ppm  dose-group 
(3820).  von  Oettingen  et  al.  also  obser/ed  similar  effects  in  dogs  expc«ed  by 
inhalation  to  200  to  600  ppm,  8  hours/day  for  20  days,  followed  by  exposure  at  7 
hours/day  for  5  days,  and  then  850  ppm  for  1  hour.  The  effects  included  appreciable 
fat  in  the  convoluted  tubules  and  hyaline  casts  in  the  collecting  tubules  of  the  kidneys 
and  congestion  in  the  lungs.  In  male  Sprague-Dawley  rats  and  ICR  mice,  reduced 
body  weight  gain  and  depression  of  kidney,  brain,  and  lung  weights  were  observed 
following  intermittent  inhalation  exposure  to  12,000  ppm  of  toluene.  Rats  and  niice 
were  exposed  to  7  daily  consecutive  cycles  of  10  minutes  of  12,000  ppm  of  toluene 
followed  by  20  minutes  of  toluene-free  recovery  5  days/week  for  8  weeks  (3085). 
KyrkJund  et  al.  (3386)  also  observed  decreased  body  weights  and  decreased  weight  of 
the  whole  brain  and  the  cerebral  cortex  in  male  Sprague  Dawley  rats  following 
continuous  inhalation  exposure  to  320  ppm  opf  toluene  for  30  days. 

When  instilled  into  rabbit  eyes,  toluene  causes  transient  conjunctival  irritation 
(19).  A  single  application  of  0.005  mL  of  toluene,  in  excess  of  15  percent,  produced 
severe  ocular  irritation  when  instilled  into  the  cornea  of  albino  rabbits  (3102); 
however,  no  reports  of  corneal  damage  in  animals  have  beer,  found  (206). 

Guillot  et  al.  (3256)  found  that  0.5  mL  of  undiluted  toluene  applied  to  intact  and 
abraided  skin  of  male  albino  rabbits  for  24  hours  produced  moderate  skin  irritation. 

193.1.4,2  Chrooic  Toxidty 

Information  on  the  effects  of  oral  exposure  to  toluene  are  limited.  Rats  given 
oral  doses  of  118  to  *90  mg/kg/day  for  193  days  exhibited  no  effects  (210).  In  a  13- 
week  study  in  which  Fischer  344  rats  and  B6C3F,  mice  were  given  0,  312,  625,  1250, 
2500,  or  5000  mg/kg  of  toluene  in  com  oil  by  gavage  (5  days/week),  adverse  effects 
were  observed  at  the  three  highest  doses  (3^).  All  rats  and  mice  receiving  5000 
mg/kg  died  during  the  first  week  of  the  study.  Relative  liver,  kidney  (rats  only),  and 
heart  (female  rats  only)  weights  were  increased  at  the  highest  dose,  and  necrosis  of 
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the  brain  and  hemorrhage  of  the  urinary  bladder  occurred  with  increased  incidence  in 
dosed  rats  at  1250  and  2500  ppm. 

Similar  effects  were  observed  in  the  same  strains  of  rats  and  mice  following 
inhalation  exposure  to  1250,  2500,  and  3000  ppm  of  toluene,  6.5  hours/day,  5 
daysAveek  for  14  (mice)  to  15  (rats)  weeks  (3485).  Eight  of  10  male  ra^,  5  of  10 
male  mice,  and  all  female  mice  exposed  to  3000  ppm  died  during  week  2  of  the 
study;  mean  body  weights  were  decreased;  and  relative  liver,  kidney,  lung  (mice  only), 
and  heart  (rats  only)  weights  were  increased  compared  with  controls  in  rats  following 
exposure  to  2500  and  3000  ppm  and  in  mice  exposed  to  1250,  2500,  and  3000  ppm. 
Centrilobular  hypertrophy  of  the  liver  was  observed  in  male  mice  at  the  two  highest 
concentrations.  Matsumoto  et  al.  (3434)  also  observed  increased  liver,  kidney,  and 
heart  weights  in  DONRYU  male  rats  exposed  by  inhalation  to  2000  ppm  of  toluene 
for  18  weeks.  These  investigators  also  observed  hyaline  droplets  in  the  renal  tubular 
epithelium  of  DONRYU  male  rats  exposed  to  100,  200,  or  2000  ppm  of  toluene,  6 
days/week  for  43  weeks.  However,  the  significance  of  this  finding  is  questionable  due 
to  the  uncertainty  concerning  the  length  of  time  from  the  last  exposure  to  the  time 
of  killing  of  the  test  animals. 

In  15-month  and  2-year  inhalation  studies  conducted  by  NTP  (3485)  to  determine 
the  carcinogenicity  of  toluene,  nonneoplastic  lesions  of  the  respiratory  tract  were 
observed  in  Fischer  344  rats  exposed  to  600  or  1200  ppm  of  toluene,  6.5  hours/day,  5 
days/week.  At  15  months,  degeneration  of  olfactory  and  respiratory  epithelium  and 
goblet  cell  hyperplasia  were  increased  in  exposed  rats.  At  2  years,  erosion  of  the 
olfactory  epithelium  and  degeneration  of  respiratory  epithelium  were  significantly 
increased  in  both  sexes.  Inflammation  of  nasal  mucosa  and  metaplasia  of  olfactory 
epithelium  were  significantly  increased  in  exposed  female  rats.  In  addition,  B6C3F, 
mice  exposed  to  1200  ppm  of  toluene,  6.5  hours/day.  5  days/week  exhibited  minimal 
hyperplasia  of  bronchial  epithelium.  No  other  biologically  important  increases  in 
nonneoplastic  lesions  were  observed  in  exposed  mice.  The  lesions  observed  in  this 
study  were  of  mild  severity  and  are  not  unusual  with  solvent  exposures. 

Several  investigators  have  observed  no  histopathologic  or  hematologic  eff^ts  in 
rats  (various  strains),  guinea  pigs,  dogs  and  primates  exposed  by  inhalation  to 
concentrations  of  toluene  ranging  from  103  to  1481  ppm,  6-8  hours/day,  5  days/week 
for  90-180  days.  (3339,  3243,  3022) 

1932  Human  and  Epidemiologic  Studies 

1932.1  Short-term  Toxicologic  Effects 

No  reports  involving  human  ingestion  of  toluene  were  found.  The  primary 
hazard  associated  with  acute  inhalation  exposure  to  high  levels  of  toluene  is  CNS 
depression  (207).  Controlled  exposure  of  human  subjects  to  200  ppm  (750  mg/m’) 
for  8  hours  produced  mild  fatigue,  weakness,  confusion,  lacrimation  and  tingling  of 
the  skin.  At  600  ppm,  additional  effects  including  euphoria,  headache,  dizziness, 
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dilated  pupils,  convulsions  and  nausea  became  evident  After  8  hours  at  800  ppm, 
symptoms  were  more  pronounced;  after-effects  included  nervousness,  muscular  fatigue 
and  insomnia  persisting  for  several  days  (46).  Exposure  to  very  high  concentrations 
(10,000  to  30,000  ppm)  could  lead  to  narcosis  and  death  (3850). 

Toluene  is  frequently  used  as  a  solvent  of  abuse  due  to  the  euphoria  and 
inebriation-like  symptoms  associated  with  inhalation  of  its  vapors  either  from  paint  or 
glue  or  in  its  pure  form.  Exf>osure  levels  in  these  cases  have  been  estimated  to  be  as 
high  as  5000  ppm  (12).  Long-term  abuse  of  toluene  (3  to  15  years)  has  resulted  in 
emotional  and  intellectual  disturbances  as  well  as  centra!  nervous  system  impairment 
(70).  Symptoms  include  tremors,  weakness,  diminished  reflexes,  sensory  loss,  visual 
impairment  (204),  cerebellar  dysfunction  (3222),  and  brain  atrophy  (3620).  Other 
complaints  invoK’e  gastrointestinal  disorders  (17).  Several  deaths  due  to  toluene 
abuse  have  been  reported.  Although  most  have  been  attributed  to  cardiac 
arrhythmias  or  asphyxiation,  a  recent  case  report  of  toluene  abuse  attributed  death  to 
severe  fluid  volume  depletion  and  electrolyte  abnormalities  (decreased  serum 
potassium,  calcium  and  phosphorus)  (205).  These  effects  result  from  long-term, 
high-level  inhalation  exposures.  Information  concerning  the  effects  of  toluene  abuse 
on  the  kidney  are  conflicting.  Several  investigators,  including  Patel  and  Benjamin 
(3555),  have  reported  cases  of  severe  distal  renal  tubular  acidosis  following  abusive 
exposure  to  toluene-containing  solvents.  However,  most  persons  exhibiting  signs  of 
renal  damage  from  toluene  sniffing  are  also  exposed  to  other  solvents,  and  therefore 
the  effect  cannot  be  clearly  attributed  to  toluene  alone. 

Impairment  of  reaction  time  was  observed  in  humans  after  20  minutes  exposure 
to  300  ppm  (1125  mg/m')  and  after  7  hours  exposure  to  200  ppm  (750  mg/m’)  (70, 
206). 

Grant  (19)  reports  that  eye  irritation  is  noticeable  at  vapor  levels  of  300  to  400 
ppm.  Toluene  splashed  in  the  eyes  of  workers  resulted  in  transient  corneal  damage 
and  conjunctival  irritation  from  which  they  recovered  within  48  hours  (19). 

Prolonged  or  repeated  skin  contact  may  cause  drying  and  dermatitis.  For  liquid 
toluene,  the  rate  of  percutaneous  absorption  ranges  from  14  to  23  mg/m’  per  hour 
(206).  Dermal  absorption  of  the  vapor  is  negligible  (70). 

19J.2.2  Chronic  Toxicologic  Effects 

The  industrial  experience  with  toluene  has  generally  been  good.  In  one  study, 
occupational  exposure  to  vapor  concentrations  ranging  from  80  to  160  ppm  produced 
no  changes  in  the  blood  or  liver  of  workers  exposed  for  "several  years."  One  worker 
exposed  to  mean  vapor  levels  of  250  ppm  experienced  conjunctival  irritation, 
insomnia,  and  nervousness  (625).  Hepatomegaly  (liver  enlargement)  has  been 
observed  in  workers  following  occupational  exposure  (2  to  14  years)  to  toluene  at 
concentrations  ranging  from  53  to  1115  ppm  (3254,  3696).  However,  no  pathological 
changes  occurred  in  the  liver  and  no  clinical  signs  of  liver  dysfunction  were  observed 
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in  any  of  the  workers.  Other  early  studies  also  implicated  toluene  as  the  cause  of 
various  blood  disorders.  The  current  view  is  that  these  effects  were  entirely 
attributable  to  benzene  contamination  (206). 

19JJL3  Teratogenicity,  Embiyotazidty  and  Reproductive  Effects 

Recreational  toluene  sniffing  by  3  pregnant  women  resulted  in  the  birth  of  babies 
with  microcephaly,  central  nervous  system  dysfunction,  and  minor  craniofacial  and 
limb  abnormalities  (3288).  Syrovadko  (3618)  found  a  higher  incidence  of  low  birth 
weight  in  the  offspring  of  women  worl^g  with  organosilicon  varnishes  containing 
toluene.  Exposure  averaged  55  ppm.  There  was  no  detectable  effect  on  fertility, 
course  of  pregnancy,  and  perinatal  mortality.  Heath  (3282)  conducted  a  study  at 
Love  Canal  in  New  York,  an  area  contaminated  with  toluene  and  other  chemicals. 

No  clear  increased  incidence  of  abortion,  birth  defects,  or  low  infant  birth  weight  was 
observed  in  women  living  next  to  the  Canal. 

19333  Levels  of  Coocem 

The  USEPA  (355)  has  established  an  ambient  water  quality  criterion  for  the 
protection  of  human  health  for  toluene  of  14.3  mg/L.  This  critenon  was  developed 
based  on  the  no-observed-effect  level  of  590  mg/kg/day  for  rats  ingesting  toluene  for 
193  days  (210),  an  uncertainty  factor  of  1000.  100%  absorption,  a  bioconcentration 
factor  of  10.7  for  fish  and  the  assumption  the  two  liters  of  drinking  water  and  6.5  g 
of  contaminated  fish  are  consumed  by  a  70-kg  adult  per  day.  A  MCLC  and  MCL  of 
2  mg/L  for  toluene  in  drinking  water  has  been  proposed  by  the  USEPA  (3883). 

A  reference  dose  of  300  ng/kg/day  has  been  derived  for  toluene  (3744). 

OSHA  (3539)  permits  exposure  to  100  ppm  (375  mg/m’)  averaged  over  an 
8-hour  work-shift,  with  a  short-term  exposre  limit  (STEL)  of  150  ppm  for  15  minutes. 
The  ACGIH  (3005)  recommends  a  threshold  limit  value  of  100  ppm  (375  mg/m’), 
with  a  short-term  exposure  limit  of  150  ppm. 

1933.4  Hazard  Assessment 

Toluene  acts  primarily  on  the  central  nervous  system.  Uptake  in  the  various 
brain  regions  is  widespread  due  to  the  high  lipid  solubility  of  toluene  and  the  high 
lipid  content  of  the  brain.  CNS  effects  are  noted  with  high  acute  inhalation 
exposures  (>1000  ppm)  in  experimental  animals  (206).  A  recent  report  (621)  has 
also  linked  hearing  loss  in  rats  to  high-level  toluene  exposures  (e.g.,  1500  ppm,  14 
hr/day  for  3  days).  Rats  and  dogs  exposed  to  concentrations  ranging  from  200  to 
5000  ppm  for  5  to  15  weeks  have  also  exhibited  renal  effects  and  pulmonary  lesions 
(3820).  Chronic  inhalation  exposure  (15  months  to  2  years)  to  600  or  1200  ppm  has 
resulted  in  lesions  in  the  respiratory  tract  of  rats  and  mice  (3485).  Ingestion  of  590 
mg/kg/day  for  7  months  produced  no  effects  in  rats  (210);  however,  rats  given  1250  or 
5000  mg/kg  by  gavage  for  13  weeks  exhibited  weight  increases  in  the  liver  and  kidney 
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at  the  high  dose  and  necrosis  of  the  brain  at  both  doses  (3485).  No  human  ingestion 
data  were  found.  Chronic  abusive  inhalation  (3  to  IS  years)  of  toluene  vapon  by 
humans  produces  CNS  impairment  and  emotional  and  intellectual  disturbances  (70). 

Results  of  an  NTP  (3485)  carcinogenicity  study  indicate  that  toluene  exhibits  no 
evidence  of  carcinogenic  activity  in  F344  rats  and  B6C3F,  mice  via  inhalation  at 
concentrations  of  600  or  1200  ppm  tor  rats  and  120,  600,  or  1200  ppm  for  mice. 

Toluene  has  been  inadequately  tested  to  permit  assessment  of  iu  carcinogenic 
potential  via  the  dermal  or  oral  route.  Cytogenetic  data  in  lymphocytes  of  toluene- 
exposed  workers  are  contradictory  (623,  TTA,  3622).  Conflicting  results  have  been 
reported  in  the  micronucieus  test  in  mice  (3462,  3232,  3463).  Negative  genoto^ic 
effects  have  been  reported  for  bacteria  (3675,  3276),  a  rat  chromosomal  study,  and  a 
test  in  Drosophila  (624).  One  study  noted  an  increased  incidence  of  cleft  palate  in 
mice,  given  1  mLAg  toluene  by  gavage  during  gestation  (620).  No  teratogenic  effeew 
were  observed  in  either  rats  or  mice  exposed  to  375-400  ppm  by  mhalation  (53). 

The  USEPA  has  estimated  an  acceptable  daily  intake  of  30  mg  of  toluene  per 
day  for  a  70-kg  individual  based  on  a  no-effcct-level  in  rats  ingesting  toluene  for  7 
months  (670).  Toluene  exposure  should  be  avoided  by  pregnant  isomen  because  of 
possible  teratogenic  and  embryotoxic  effecu. 


19.4  SAMPLING  AND  ANALYSIS  CONSIDERATIONS 

Eletermination  of  toluene  concentrations  in  soil  and  water  requires  collection  of  a 
representative  field  sample  and  laboratory  analysis.  Due  to  the  volatility  of  toluene, 
care  is  required  to  prevent  losses  during  umple  collection  and  storage.  By  EPA 
protocols,  soil  and  water  samples  should  be  completed  within  14  days  of  sampling. 
However,  recent  studies  (3430)  show  large  losses  of  volatiles  from  soil  handling.  At 
the  present,  the  best  procedure  is  to  collect  the  needed  sample  in  an  EPA  VOA  vial, 
seal  with  a  foil-lined  septum  cap.  and  analyze  the  entire  contents  in  the  vial  using  a 
modified  purge  and  trap  apparatus.  In  addition  to  the  targeted  samples,  quality 
control  samples,  such  as  field  blanks,  duplicates,  and  spiked  matriccf,  may  be  specified 
in  the  recommended  methods. 

EPA-approved  procedures  for  the  analysis  of  toluene,  one  of  the  EPA  priority 
pollutants,  in  aqueous  samples  include  EPA  Methtxls  602.  624,  and  1624  (65,  A.B). 

An  inert  gas  is  bubbled  through  the  aqueous  umple  in  a  purging  chamber  at  ambient 
iemperature,  transferring  the  toluene  from  the  aqueous  phase  to  the  vapor  phase  and 
into  a  sorbent  trap.  The  trap  is  then  heated  and  backflashcd  to  desorb  the  toluene 
and  transfer  it  into  a  gas  chromatographic  (GC)  packed  column.  Tne  GC  ctrlumn  is 
temperature  programmed  to  separate  the  volatile  organics;  toluene  is  then  detected 
with  a  photo-ioni/Jiiian  detector  (Method  602)  or  a  mass  spectrometer  (Methods  624 
and  1624).  Recently  introduced  wide  bore  capillary  columns  show  considerable 
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promise  for  increasing  the  performance  of  the  gas  chromatographic  analysis.  (3402, 
3184) 

The  EPA  procedures  recommended  for  toluene  analysis  in  soil  and  waste 
samples,  Meth<^  8020  and  8240  (63),  differ  from  the  aqueous  procedures  primarily 
in  tte  method  by  which  the  analyte  is  introduced  into  the  trap.  The  recommended 
method  5030  for  low  level  samples  (<1  mg/kg)  involves  dispersing  the  soil  or  waste 
sample  in  water  and  purging  in  a  heated  purge  and  trap  apparatus.  The  trap  is 
desorbed  and  analyzed  for  toluene  as  described  above. 

Other  umple  introduction  techniques  include  direct  injection  and  a  headspace 
method  (3355,  3660,  3570).  EPA  SW-846  Method  3810  (63)  describes  a  generic 
headspace  procedure.  In  anaiy'::s  for  toluene,  a  water  (3184)  or  soil  sample 
(suspended  in  aqueous  solution  (3355,  3660)  or  organic  wivent  (3570)  is  transferred 
into  a  sealed  vial  that  is  piaced  in  a  thermostatted  bath.  After  an  equilibration 
perkxl,  an  aliquot  of  the  headspace  vapor  in  the  vial  is  taken  (e.g.,  by  gas-tight 
syringe)  for  toluene  analysis  using  GC  and  the  flame  ionization  detector.  Far-ultra- 
violet  laser-induced  fluorescence  has  also  been  used  to  detect  ’environmentally 
significant*  levels  of  toluene  in  ground  water  (3128).  This  method  allows 
determinations  to  be  made  remotely  by  using  a  fiber-optic  probe. 

Typical  toluene  detection  iimiu  that  can  be  obtained  in  waters  and  nonaqueous 
samples  (wastes,  soils,  etc.)  are  shown  below.  The  actual  detection  limit  achieved  in 
a  pven  analysis  will  vary  with  instrument  sensitivity  and  matrix  effwts. 


wiPTCTTit  II I  mil  m 


0.2  (ig/L  (Method  602)  2  (ifAt  (Method  8020  with  purge  and  trap) 

6,0  (Method  624)  0.1-0-2  Mfr'g  (3355) 

6.0  |igL  (Mcth(x)  624)  5  tiglcg  (Method  K40) 

10  *ig/L  (Method  1624) 

10  ng/l  (3355) 
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COMMON 

SYNONYMS; 

Eibyl  Benzene 

Etbyi  Benzol 

Phenyl  Ethane 

EB 

CAS  REG  NO; 

100-4M 
NIOSH  HO. 
DA0700000 

FORMULA- 

AIR  WA'  CONVERSION 
FACTORS  at  25'C  (12) 

4J4  mgita’  «  1  ppm 

0.2304  ppm  *  1  mg/m’ 

iTRUcruRir 

c 

X 

MOLECULAR  WEIGHT: 
106.16 

REACmvITY 


Ethyl  benzene  may  generate  heat,  react  vigorously,  and 
possibly  ignite  or  explode  in  contact  with  oxidizing  mineral 
acids  or  other  strong  oxidizing  agents  (507,  SI,  54,  5il). 


•  Physical  State:  Liquid  (at  20*C) 

(23) 

•  Color:  Colorless 

(23) 

•  Odor:  Sweet,  gasoline-like 

(59) 

•  Odor  Threshold:  2.500  ppm 

(384) 

•  Density:  0.8670  g/mL  (at  20“C) 

(23) 

•  Frceze/Melt  Point:  -95.00“C 

(23) 

•  Boiling  Point:  136.19*C 

(21) 

•  Flash  Point:  15.00*C  closed  cup 

•  Flammable  Limits:  1.00  to  6.70% 

(23) 

by  volume 

(51,504,506) 

PHYSICO¬ 

•  Autoignition  Temp.:  432.0*C 

CHEMICAL 

(504,506.510) 

DATA 

•  Vapor  Pressure:  7.00  mm  Hg 

(at  20“C) 

•  Satd.  Cone,  in  Air:  4.0000E+04 

(67) 

mg/m’  (at  20“C) 

•  Solubility  in  Water:  1.52E+02  mg/L 

(67) 

(at  20*C) 

(67) 

•  Viscosity;  0.640  cp  (at  25^) 

•  Surface  Tension:  S.ISOOE+Ol 

(599) 

dyne/cm  (at  20*C) 

•  Log  (Ocianol-Water 

(21) 

Partition  CoefT.):  3.15 

(29) 

•  Soil  .^dsorp.  CoelT.:  6.81  E +02 

•  Henry’s  Law  Const.:  7.90E-03 

(652) 

atm  •  m’/mol  (at  25*C) 

•  Bioconc.  Factor:  6.80E+01  (cstim). 

(74) 

9.50E+01  (estim) 

(659.211) 
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PERSISTENCE 

Somewhat  mobile  in  soil-water  systems,  espedally  in 
aqueous  phase  if  sufficient  water  is  present.  Volatiliza¬ 
tion  losses  through  air-filled  pores  may  be  a  minor  loss 

IN  THE  SOIL- 

pathway.  Chemical  is  resistant  to  hydrolysis,  but  will 

WATER 

probably  biodegrade  easily  if  microbiological  populations 

SYSTEM 

are  sufficiently  numerous  and  active.  May  persist  for 

months  to  years  (or  more)  if  biodegradation  is  not 
possible. 

The  primary  pathway  of  concern  from  a  soil-water 
system  is  the  migration  of  ethyl  benzene  to  groundwater 
drinking  water  supplies.  It  is  commonly  found  in  ground 
water  at  NPL  sites,  illustrating  the  importance  of  this 
pathway.  Inhalation  from  surface  soils  may  also  be 
important. 


Signs  and  Symptoms  of  Short-term  Human  Exposure: 

_ 

Ethyl  benzene  primarily  causes  irritation  of  the  eyes, 
nose,  throat  and  skin.  Irritating  effects  are  more  pro¬ 
nounced  at  higher  concentrations.  Narcosis  can  occur 
with  very  high  concentrations;  dizziness,  drowsiness  and 
weakness  may  occur.  Prolonged  or  repeated  skin  contact 
with  the  liquid  is  defatting  and  may  cause  dermatitis. 

Acute  Toxicity  Studies:  (3504) 

INHALATION: 

LQo  4000  ppm  •  4  hr  Rat 

ORAL; 

LDm  3500  mg/kg  Rat 

SKIN; 

LDy,  5000  mg/kg  Rabbit 

LD„  17800  ntig/kg  Rabbit 


HEALTH 

HAZARD 

DATA 


PATHWAYS 

OF 

EXPOSURE 


HEALTH 

HAZARD 

DATA 

(Cont.) 


Long-Term  EfTects;  Limited  data  suggest  possible  liver 


Carcinogenicity  Qassification: 
lARC  -  No  data 
'CTP  -  Study  in  progress 
EPA  •  Group  D  (not  classifiable  as  to  human 
carcinogenicity) 


HANDLING 

PRECAUTIONS 

(38) 


Handle  chemical  only  with  adequate  ventilation  •  Vapor 
concentrations  of  100-1000  ppm:  chemical  cartridge 
respirator  with  full  facepiece  and  organic  vapor  canister 
•  1000-2000  ppm:  any  lupplied-air  respirator  or 
se!f<ontained  breathing  apparatus  with  full  facepiece; 
gas  mask  with  organic  vapor  canister  •  Chemical  goggles 
if  there  is  probability  of  eye  contact  •  Impervious 
clothing  and  gloves  should  be  used  to  prevent  repeated 
or  prolonged  sidn  contact  with  liquid. 


ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS  AND  CRITERIA 


R  EXPOSURE  LIMITS: 


•  OSHA  TWA  (8-hr):  100  ppm;  STEL  (15-min):  125  ppm 

•  AFOSH  PEL  (8-hr  TWA):  100  ppm;  STEL  (15-min):  125  ppm 


Criteria 

•  NIOSH  IDLH  (30-min):  2000  ppm 

•  ACGIH  TLV®  (8-hr  TWA):  100  ppm 

•  ACGIH  STEL  (15-min):  125  ppm 
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environmental  and  occupational  standards  and 

CRITERIA  (ConL) 


WATER  EXPOSURE  LIMITS: 


Drinking  Water  Standards  (3883) 

MCLG;  700  /ig/L  (propo^) 

MCL  :  700  (proposed) 

EPA  Health  Advisories  and  Cancer  Risk  Levels  (3977) 

Tbe  EPA  has  developed  the  following  Health  Advisories  which  provide  specific 
advice  on  the  levels  of  contaminants  in  drinking  water  at  which  adverse  health 
effects  would  not  be  anticipated. 

-  1-day  (child);  30  mg/L 

•  10-day  (child);  3  mg/L 

-  longer-term  (child);  1  mg/L 

-  longer-term  (adult);  3  mg/L 

-  lifetime  (adult);  0.7  mg/L 

WHO  Drinking  Water  Guideline 
No  information  available. 

EPA  Ambient  Water  Quality  Criteria 

•  Human  Health  (355) 

Based  on  ingestio.i  of  contaminated  water  and  aquatic  organisms,  1.4 
mg/L.  Based  on  ingestion  of  contaminated  aquatic  organisms  only,  3.28 
mg/L 

•  Aquatic  Life  (355) 

•  Freshwater  species 
acute  toxicity: 

no  criterion,  but  lowest  effect  level  occurs  at  32,000  ng/L. 
chronic  toxicity; 

no  criterion  established  due  to  insufficient  data. 

•  Saltwater  species 
acute  toxicity; 

no  criterion,  but  lowest  effect  level  occurs  at  430  ng/L. 
chronic  toxicity; 

no  criterion  established  due  to  insufficient  data. 

REFERENCE  DOSES:  (3744) 

ORAL:  l.OOOE-01  mg/kg/day 
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REGULATORY  STATUS  (as  of  Ol-MAR-89) 


Federal  Programs 
CTean  Water  Act  (CWA) 

Ethyl  benzene  is  designated  a  hazardous  substance  under  CWA.  It  has 
a  reportable  quantity  (RQ)  limit  of  454  kg  (347,  3764).  It  is  also  listed 
as  a  toxic  pollutant,  subject  to  general  pretreatment  regulations  for 
new  and  existing  sources,  and  effluent  standards  and  guidelines  (351, 
3763).  Effluent  limitations  specific  to  this  chemical  have  been  set  in 
the  following  point  source  categories:  electroplating  (3767),  organic 
chemicals,  plastics,  and  synthetic  fibers  (3777),  and  steam  electric 
power  generating  (3802).  Limitations  vary  depending  on  the  type  of 
plant  and  industry. 

Safe  Drinking  Water  Act  (SDWA) 

EPA  lists  ethyl  benzene  as  an  unregulated  contaminant  requiring 
monitoring  in  all  community  water  systems  and  non-community 
non-transient  water  systems  (3771).  In  states  ’with  an  approved 
Underground  Injection  Control  program,  a  permit  is  required  for  the 
injection  of  ethyl  benzene-containing  wastes  designated  as  hazardous 
under  RCRA  (295). 


EPA  lists  spent  solvent  mixtures  containing  10%  or  more  ethyl 
benzene  as  non-specific  sources  of  ignitable,  toxic  hazardous  wastes 
(325).  Effective  November  8,  1S)88.  land  disposal  of  spent  solvent 
wastes  containing  10%  or  more  ethyl  benzene  is  prohibited.  Certain 
variances  exist  until  May,  1990  for  some  wastewaters,  nonwastewaters, 
and  contaminated  soils  for  which  Best  Demonstrated  Available 
Technology  (BOAT)  treatment  standards  have  not  been  promulgated 
by  EPA  (37^).  Ethyl  benzene  is  included  on  EPA’s  ground-water 
monitoring  list.  EPA  requires  that  ail  hazardous  waste  treatment, 
storage,  and  disposal  facilities  monitor  their  ground-water  for  chemicals 
on  this  list  when  suspected  contamination  is  first  detected  and  annually 
thereafter  (3775). 

Toxic  Substances  Control  Act  (TSCA) 

Manufacturers,  processors  or  distributors  of  ethyl  benzene  must  report 
production,  usage  and  disposal  information  to  EPA  (334).  They  and 
others  who  possess  health  and  safety  studies  on  ethyl  benzene  must 
submit  them  to  EPA  (3789). 


nsrv 


Act  (CERCLA) 

Ethyl  benzene  is  designated  a  hazardous  substance  under  CERCLA  It 
has  a  reportable  quantity  (RQ)  limit  of  454  kg.  Reportable  quantities 
have  also  been  issued  for  RCRA  hazardous  waste  streams  containing 
ethyl  benzene  but  these  depend  upon  theconcentration  of  the 
chemicals  present  in  the  waste  stream  (3766).  Under  SARA  Title  III 
Section  313,  manufacturers,  processors,  importers,  and  users  of  ethyl 
benzene  must  report  annually  to  EPA  and  state  ofCcials  their  releases 
of  this  chemical  to  the  environment  (3787). 

Occupational  Safety  and  Health  Act  (OSHA) 

Employee  exposure  to  ethyl  benzene  in  any  &hour  work-shift  of  a 
4(I-hour  work-week  shall  not  exceed  an  8-hour  time-  weighted  average 
(TWA)  of  100  ppm  or  a  15-minute  short-term  exposure  limit  (STEL) 
in  any  8-hour  work-day  of  125  ppm  (3539). 

Hazardous  Materials  Transportation  Act  (HMTA) 

The  Department  of  Transportation  has  designated  ethyl  benzene  as  a 
hazardous  material  with  a  reportable  quantity  of  454  kg,  subject  to 
requirements  for  packaging,labeling  and  transportation  (3180). 


State  Water  Programs 
ALL  STATES 

All  states  have  adopted  EPA  Ambient  Water  Quality  Criteria  and 
NPDWRs  (see  Water  Exposure  Limits  section)  as  their  promulgated 
state  regulations,  either  narrative  reference  or  by  relisting  the 
specific  numeric  criteria.  These  states  have  promulgated  additional  or 
more  stringent  criteria: 


California  has  set  an  MCL  and  an  action  level  of  680  ;ig/L  for 
drinking  water  (30%,  3098). 

CONNECTICUT 

Connecticut  has  set  a  quantification  limit  of  2  /;g/L  for  ethyl  benzene 
in  drinking  water  (3137). 

NEW  MEXICO 

New  Mexico  has  a  human  health  criterion  of  0.75  mg/L  for  ground- 
water  (3499). 


New  York  has  set  an  MCL  of  5  #ig/L  for  drinking  water,  and  a 
nonenforceable  water  quality  guideline  of  50  ng/L  for  surface  and 
ground-waters  (3501). 

OK1AJIOM.A 

Oklahoma  has  a  water  quality  criterion  of  0.4  ^g,L  for  ground-water 
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RHODE  ISLAND 

Rhode  Island  has  an  acute  freshwater  quality  guideline  of  1600  /ig/L 
and  a  chronic  guideline  of  36  /tg/L  for  the  protection  of  aquatic  life  in 
surface  waters.  These  guidelines  are  enforceable  under  Rhode  Island 
state  law  (3590). 

SOUTH  DAKOTA 

South  Dakota  requires  that  ethylbenzene  be  nondetectable,  using 
designated  test  methods,  in  ground-water  (3671). 

YERMQNI 

Vermont  has  a  preventive  action  limit  of  340  ng/L  and  an 
enforcement  standard  of  680  ng/L  for  ground-water  (3682). 

WISCONSIN 

Wisconsin  has  a  preventive  action  limit  of  272  fig/L  and  an 
enforcement  standard  of  1360  fig/L  for  ground-water  (3840). 

Protxjsed  Regulations 

•  Federal  Programs 

Safe  Drinking  Water  Act  (SDWA) 

EPA  proposed  an  MCL  and  MCLG  of  0.7  mg/L  for  ethyl  benzene  in 
May,  1989,  with  final  action  scheduled  for  De«mber,  19^^  (3759). 

•  State  Water  Programs 

MOST  STATES 

Most  states  are  in  the  process  of  revising  their  water  programs  and 
proposing  changes  in  their  regulations  which  will  follow  EPA’s  changes 
when  they  become  final.  Contact  with  the  state  officers  is  advised. 
Changes  are  projected  for  1989-90  (3683). 

KANSAS 

Kansas  has  proposed  a  water  quality  standard  of  680  fig/L  for  ethyl 
benzene  in  ground-water  (3213). 

MINNESOTA 

Minnesota  has  proposed  a  Recommended  Allowable  Limit  (RAL)  of 
680  fig/L  for  drinking  water  (3451).  Minnesota  has  also  proposed  a 
Sensitive  Acute  Limit  (SAL)  of  7^7  fig/L  for  surface  waters,  and 
chronic  criteria  of  680  fig/L  for  designated  ground-waters  and  175  figl^ 
for  designated  surface  waters.  These  criteria  are  for  the  protection  of 
human  health  (3452). 

_ I 
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C  Directives 

Directive  on  Ground-Water  (538) 

Direct  discharge  into  ground-water(i.e.,  without  percolation  through 
the  ground  or  subsoil)  of  organohalogen  compounds  and  substances 
which  may  form  such  compounds  in  the  aquatic  environment, 
substances  which  possess  carcinogenic,  mutagenic  or  teratogenic 
properties  in  or  via  the  aquatic  environment,  and  mineral  oils  a-^d 
hydrocarbons  is  prohibited.  Appropriate  measures  deemed  necessary 
to  prevent  indirect  discharge  into  ground-water  (i.e.,  via  percolation 
through  ground  or  subsoil)  of  these  substances  shall  be  taken  by 
memter  countries. 

Directive  Relating  to  the  Qassification.  Packaging  and  Labeling  of 
Dangerous  Preparations  (Solvents)  (544) 

Ethyl  benzene  is  listed  as  a  Qass  Il/c  harmful  substance  and  is 
subject  to  packaging  and  labeling  regulations.  . 

Directive  on  Toxic  and  Dangerous  Wastes  (542) 

Any  installation,  establishment,  or  undertaking  which  produces,  holds 
and/or  disposes  of  certain  toxic  and  dangerous  wastes  including 
phenols  and  phenol  compounds;  organic-halogen  compounds, 
excluding  inert  poly-meric  materials  and  other  substances  referred  to 
in  this  list  or  covered  by  other  Directives  concerning  the  disposal  of 
toxic  and  dangerous  waste;  chlorinated  solvents;  organic  solvents; 
biocides  and  phyto-pharmaceutical  substances;  ethers  and  aromatic 
polycyclic  compounds  (with  carcinogenic  effects)  shall  keep  a  record 
of  the  quantity,  nature,  ph>’sical  and  chemical  characteristics  and 
origin  of  such  waste,  and  of  the  methods  and  sites  used  for  disposing 
of  such  waste. 

Directive  on  the  Classification.  Packaging  and  Labeling  of 
Dangerous  Substances  (787) 

Ethyl  benzene  is  classified  as  a  harmful  substance  and  is  subject  to 
packaging  and  labeling  regulations. 

EEC  Directive-Proposed  Resolution 

Resolution  on  a  Revised  List  of  Second-Category  Pollutants"  (545) 
Ethylene  benzene  is  one  of  the  second-category  pollutants  to  be 
studied  by  the  Commission  in  the  programme  of  action  of  the 
European  Communities  on  environment  in  order  to  reduce  pollution 
and  nuisances  in  the  air  a  d  water.  Risk  to  human  health  and  the 
environment,  limits  of  pr  .iutant  levels  in  the  environment,  and 
determination  of  quali  j  standards  to  be  applied  will  be  assessed. 
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201  MAJOR  USES 

The  major  application  of  ethyl  benzene  is  as  an  intermediate  in  the  production 
of  styrene.  It  is  also  used  in  the  manufacture  of  cellulose  acetate  and  synthetic 
rubber.  Significant  quantities  are  consumed  in  connection  with  xylene,  which  may 
contain  as  much  as  20%  ethyl  benzene  as  a  solvent  or  diluent,  lliese  xylene/ethyl 
benzene  mixtures  are  used  as  diluents  in  the  paint  industry,  in  agricultural  sprays  for 
insecticides  and  in  gasoline  blends  (54,  21). 


20^  ENVIRONMENTAL  FATE  AND  EXPOSURE  PATHWAYS 

20.2.1  Transport  in  SoQ/Ground-water  Systems 

202.1.1  Overview 

Ethyl  benzene  may  move  through  the  soil/ground-waier  system  when  present  at 
low  concentrations  (dissolved  in  water  and  sorbed  on  soil)  or  as  a  separate  organic 
phase  (resulting  from  a  spill  of  significant  quantities  of  the  chemical).  In  general, 
transport  pathways  for  low  soil  concentrations  can  be  assessed  by  using  an  equilibrium 
partitioning  model,  as  shown  in  Table  20-1.  These  calculations  predict  the  partition¬ 
ing  of  ethyl  benzene  among  soil  particles,  soil  water  and  soil  air.  Ethyl  benzene 
associated  with  the  water  and  air  phases  of  the  soil  is  more  mobile  than  the  adsorbed 
portion. 

The  estimates  for  the  unsaturated  topsoil  model  indicate  that  nearly  all  of  the 
ethyl  benzene  (98%)  is  sorbed  to  the  soil.  A  much  smaller  amount  (0.75%)  is 
expected  to  be  present  in  the  soil-water  phase  and  can  thus  migrate  by  bulk  transport 
(c.g.,  the  downward  movement  of  infiltrating  water),  dispersion  and  diffusion.  For  the 
portion  of  ethyl  benzene  in  the  gaseous  phase  of  the  soil  (0.7%),  diffusion  through 
the  soil-air  pores  up  to  the  ground  surface,  and  subsequent  removal  by  wind,  will  be 
a  significant  loss  pathway.  There  is  no  significant  difference  in  the  partitioning 
calculated  for  25'’C  and  10°C. 

In  saturated,  deep  soils  (containing  no  soil  air  and  negligible  soil  organic  carbon), 
a  much  higher  fraction  of  the  ethyl  benzene  (26%)  is  likely  to  be  present  in  the 
soil-water  phase  (Table  20-1)  and  transported  with  flowing  ground-water. 
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TABLE  iO-l 

EQUILIBRIUM  PARUnONING  CALCULATIONS  FOR  ETHYL  BENZENE 
IN  MODEL  ENVIRONMENTS* 


Soil 

Soil 

Soil-Water 

Soil-Air 

Unsaturated 
topsoil^ 
at  25'C 

98.5 

0.75 

0.74 

at  KTC 

98.8 

0.76 

0.42 

Saturated 
.  deep  soil^ 

74.1 

25.9 

a)  Calculations  based  on  Maclcay’s  equilibrium  partitioning  model  (34,3536);  xce 
Introduction  for  description  of  model  and  environmental  conditions  chosen  to 
represent  an  unsaturated  topsoil  and  saturated  deep  soil.  Calculated  percentages 
should  be  considered  as  rough  estimates  and  used  only  for  general  guidance. 

b)  Utilized  estimated  soil  sorption  coeQlcient:  K„,  =  681  (Estimated  by  Arthur  D. 
Little,  Inc.) 

c)  Henry’s  law  constant  taken  as  0.00790  atm  •  mVmol  at  25'’C  (74),  and  0.00430 
atm  •  mVmol  at  10“C  (latter  calculated  using  25®C/10“C  ratio  of  H  values  from 
Brown  and  Wasik  (521)). 

d)  Used  sorption  coefficient  (K,)  calculated  as  a  function  of  K,*  assuming  0.1% 
organic  carbon:  K,  =  0.001  x 


203.13  Sorption  on  Soils 

The  mobility  of  ethyl  benzene  in  the  soil/ground-water  system  (and  its  eventual 
migration  into  aquifers)  is  strongly  affected  by  the  extent  of  its  sorption  on  soil 
particles.  In  general,  sorption  on  soils  is  expected  to: 

increase  with  increasing  soil  organic  matter  center.'.; 

increase  slightly  with  decreasing  temperature; 

increase  moderately  with  increasing  salinity  of  the  soil  water;  and 

decrease  moderately  with  increasing  dissolved  organic  matter  content  of  the 

soil  water. 

Based  upon  its  octanol-water  partition  coefficient  of  1410,  the  soil  sorption 
coefficient  (K„,)  is  estimated  to  be  681.  This  number  is  indicative  of  a  moderate  soil 
sorption  potential. 
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20^13  Vohtilizatioa  firom  SoOt 

Transport  of  ethyl  benzene  vapon  through  the  air-filled  pores  of  unsaturated 
soils  is  an  important  transport  mechanism  for  near-surface  soils.  In  general,  impor¬ 
tant  soil  and  environmental  properties  influencing  the  rate  of  volatilization  include 
soil  porosity,  temperature,  convection  currents  and  barometric  pressure  changes; 
important  ph3':icochemical  properties  include  the  Henry’s  law  constant,  the  vapor-soil 
sorption  coefficient,  and,  to  a  lesser  extent,  the  vapor  phase  diffusion  coefficient  (31). 
No  data  are  available  from  laboratory  or  Geld  studies  to  indicate  the  actual  rate  of 
volatilization,  but  the  rate  should  not  be  much  different  than  for  toluene  (see 
Chapter  19). 

The  Henry’s  law  constant  (H),  which  provides  an  indication  of  a  chemical's 
tendency  to  volatilize  from  solution,  is  expected  to  increase  significantly  with  increas¬ 
ing  temperature.  Moderate  increases  in  H  are  also  expected  with  increasing  salinity 
due  to  a  decrease  in  ethyl  benzene’s  solubility  (517). 

20.22  Transfonnation  Processes  in  SoU/Ground-water  Systems 

The  persistence  of  ethyl  benzene  in  soil/ground-water  systems  has  not  been 
studied.  In  most  cases,  it  should  be  assumed  that  the  chemical  will  persist  for  months 
to  years  (or  more). 

Ethyl  benzene  that  has  been  released  into  the  air  will  eventually  undergo 
photochemical  oxidation;  an  estimated  tropospheric  lifetime  of  15  hours  has  been 
reported  (10).  Ethyl  benzene  under  normal  environmental  conditions  is  not  exp)ected 
to  undergo  hydrolysis  (10,  3?). 

The  available  data  indicate  that  ethyl  benzene  would  be  biodegradable  in  the 
soil/ground-water  environment  (10,  55).  Some  species  of  soil  bacteria  are  capable  of 
using  ethyl  benzene  as  the  sole  carbon  source.  The  data  from  Tabak  et  al.  (55) 
indicate  that  the  chemical  would  be  fairly  easily  biodegraded  in  a  biological  waste- 
water  treatment  plant.  However,  in  most  soil/ground-water  systems,  the  concentration 
of  microorganisms  capable  of  biodegrading  chemicals  such  as  ethyl  benzene  is  very 
low  and  drops  off  sharply  with  increasing  depth.  Thus,  biodegradation  in  the 
soil/ground-water  system  should  be  assumed  to  be  of  minimal  importance  except, 
perhaps,  in  landfills  with  active  microbiological  populations. 

2023  Primary  Routes  of  Exposure  From  SoQ/Ground-water  Systems 

The  properties  of  ethyl  benzene  and  the  above  discussion  of  fate  pathways 
suggest  that  ethyl  benzene  is  highly  volatile  in  aqueous  solutions,  may  be  moderately 
adsorbed  by  soil  and  has  a  moderate  potential  for  bioaccumulation.  This  compound 
may  volatilize  from  soil  surfaces.  The  portion  of  the  compound  not  removed  by 
volatilization  may  be  adsor'oed,  but  some  of  the  ethyl  benzene  may  migrate  to  ground- 
water.  These  fate  characteristics  sugg.:st  several  potential  exposure  pathwajs. 
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Volatilization  of  ethyl  benzene  from  a  disposal  site,  particularly  during  drilling  or 
restoration  activities,  could  result  in  inhalation  exposures.  In  addition,  the  potential 
for  ground-water  contamination  is  high,  particularly  in  sandy  soils.  Mitre  (1983) 
reported  that  ethyl  benzene  has  been  found  at  47  of  546  National  Priority  List  (NPL) 
sites.  It  was  detected  at  32  sites  in  ground-water,  13  sites  in  surface  water  and  7  sites 
in  air. 

This  compound  was  also  reported  in  the  USEPA  (531)  Ground-water  Supply 
Survey  (GWSS).  This  survey  examined  945  finished  water  supplies  that  use  ground- 
water  sources.  The  results  for  ethyl  benzene  are  shown  below: 

Median 


Occurrences* 

of  Positives 

Maximum 

No 

% 

Mimsm 

Random 

Supplies  serving 
<10,000  people  (280  samples) 
Supplies  serving 

2 

0.7 

0.94 

1.1 

>10,(XX)  people  (186  samples^ 

1 

0.5 

0.74 

0.74 

Non-Random 

Supplies  serving 
<10,000  people  (321  samples) 
Supplies  serving 

5 

1.6 

1.6 

.12.0 

>10,000  people  (158  samples) 

0 

0 

• 

‘Samples  having  levels  over  quantification  limit  of  0.5  fig'L. 

The  random  results  are  intended  to  statistically  represent  the  U.S.  ground-water 
drinking  water  supplies.  The  non-random  samples  were  chosen  by  the  states  as  being 
potentially  contaminated.  Ethyl  benzene  has  also  been  detected  in  the  National 
Organic  Monitoring  Survey  (NOMS)  (90). 

These  survey  results  indicate  that  this  compound  has  the  potential  for  movement 
in  soil/ground-water  systems.  This  compound  may  eventually  reach  surface  waters  by 
this  mechanism,  suggesting  several  other  exposure  pathways: 

•  Surface  waters  may  be  used  as  drinking  water  supplies,  resulting  in  direct 
ingestion  exposure; 

•  Aquatic  organisms  residing  in  these  waters  may  bioaccumulate  ihis  chemical 
and  be  consumed,  also  resulting  in  ingestion  exposures; 

•  Recreational  use  of  these  waters  may  result  in  dermal  exposures; 
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•  E>otnestic  animals  may  consume  or  be  dermally  expcaed  to  contaminated 
ground-  or  surface  waten;  the  consumption  of  meats  and  poultry  could  then 
result  in  ingestion  exposures. 

In  general,  exposures  associated  with  surface  water  contamination  can  be 
expected  to  be  Icnwr  than  exposure  from  drinking  contaminated  ground-water.  The 
Henry’s  law  constant  for  ethyl  benzene  suggests  that  it  will  volatilize  upon  reaching 
surface  waters.  However,  if  ethyl  benzene  is  available,  the  bioconcentration  factor  for 
this  compounrt  suggests  moderate  bioaccumulation  in  aquatic  organisms  or  domestic 
animals. 

20.2.4  Other  Souroea  of  Exposure 

The  volatility  of  ethyl  benzene  suggests  that  it  may  be  found  in  air.  Brevizinsky 
and  Singh  (84)  compiled  all  available  atmospheric  monitoring  data  for  a  number  of 
volatile  organics.  For  ethyl  benzene,  they  bad  data  for  861  locations.  In  rural  and 
remote  areas,  the  median  concentration  was  20  In  urban  and  suburban  areas, 

the  median  concentration  was  5.2  mim'  and  in  source-dominated  locations,  the 
median  concentration  was  2.7  ^g/m’.  These  results  suggest  there  are  inhalation 
exposures  to  individuals,  even  in  remote  areas. 


20J  HUMAN  HEALTH  CONSIDERATIONS 

202.1  AniauJ  Studies 

202.1.1  Cardoogenidty 

Maltoni  et  al.  (342.1)  reported  on  carcinogenicity  studies  in  Sprapuc-Dawicy  ral.s 
(40  of  each  sex)  administered  500  rngltg  ethyl  benzene  (in  olive  oil)  by  gavage  once 
daily,  4-5  days/week  for  104  weeks.  Controls  received  olive  oil  alone.  Al  the  end  of 
the  experiment  (141  weeks)  there  was  40.3*^  total  malignant  tumors  in  treated  males 
and  females  combined  (35%  in  males,  45.9%  in  females),  compared  with  24%  in 
control  males  and  female  combined  (26.7%  in  males  and  22.4%  in  fcmaic.s). 

202.12  Geaotabdty 

The  number  of  sister  chromatid  exchanges  in  human  lymphocyics  treated  in 
culture  with  ethyl  benzene  was  essentially  at  control  levcU  (209).  Dean  cl  al.  found 
ethyl  benzene  negative  in  a  battery  of  tests  including  the  five  standard  Snimonc'la 
strains,  two  strains  of  £.  a  strain  of  yeast  designed  to  test  for  gene  inversion  al 
two  loci,  and  two  rat  liver  cell  lines  dc.signcd  to  detect  chromosomal  ahcrraiiom 
(3163).  Ethyl  benzene  was  aUo  found  negative  in  two  yeast  strains,  one  designed  to 
detect  gene  t-,  nversion  at  two  kxi.  and  the  other  to  detect  reversions  at  three  kxi 
(3493).  Ncstn  ann  et  al.  (3494)  found  ethyl  benzene  to  he  negative  in  the  five 
standard  Salmonella  strains  with  or  without  metabolic  activation. 
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Wbeo  ethyl  benzene  wu  injected  intraperitoneally  in  male  mice,  no  increase  was 
detected  in  the  incidence  of  micronuciei  in  bone  marrow  cells  of  the  treated  animals 
(3462).  Ethyl  benzene  did  not  induce  sex-linked  recessive  lethals  in  the  germ  cells  of 
males  treated  with  this  compound  (3178). 

20J.1J  Tentogenicity,  Embqfotoxidty  and  Reprodtictive  Effects 

Hardin  et  al.  (206)  exposed  rats  and  rabbits  to  100  or  1000  ppm  ethyl  benzene 
for  6  to  7  hours  daily.  No  significant  maternal  or  fetal  toxidty  was  seen  in  rabbits. 

In  rats,  a  possible  reduction  in  fertility  was  noted  at  both  exposure  levels,  but  no 
dose-response  was  evident  Maternal  toxicity  in  the  form  of  increased  spleen,  liver 
and  kidney  weighu  was  seen  in  the  1000  ppm  group. .  In  the  fetuses,,  there  was  a 
significant  mcrease  in  the  incidence  of  extra  ribs  at  both  exposure  levels. 

Ungvary  and  Tatrai  (3753)  used  rats,  mice,  and  rabbits  to  test  the  emhryotoxicity 
of  ethyl  benzene  by  inhalation.  In  rats  exposed  to  600,  1200  or  2400  mg/m',  maternal 
toxicity  was  moderate  and  dcse-dependent  There  was  an  increase  in  postimpjanta- 
tion  1^  and  skeletal  retaidation  of  the  fetuses  at  all  levels.  The  highest  concentra¬ 
tion  resulted  in  an  increased  irKidence  of  extra  ribs,  anomalies  of  the  uropoietic 
(production  of  urine)  apparatus,  malformations  of  the  skeleton,  and  weight  retarda¬ 
tion.  Mice  exposed  at  the  500  mg/m’  jevel  produced  offspring  with  an  increased 
irKidence  of  anomalies  of  the  uropoietic  apparatus.  Ethyl  benzene  was  very  toxic  to 
pregnant  rabbits  at  the  1000  mg/m’  level,  causing  abortion,  resorption  or  death  of  the 
mother  in  all  eight  does.  At  500  mg/m’,  pregnancy  was  normal  except  for  a  slight 
decirease  in  mean  weight  of  female  fetuses. 

20J.1.4  Other  Toxicologic  EffocU 

2DJ.1.4.1  Sbort-tenn  Toxicity 

Acute  toxicity  data  on  oral  and  dermal  routes  in  both  rats  and  rabbits  indicate  a 
low  toxicity  for  ethyl  benzene.  An  oral  LD»  in  rau  of  3500  ingltg  has  been  report¬ 
ed;  dermal  LD^  values  in  rabbits  of  500  mg/kg  (59)  and  17,800  mg/kg  (47)  have  been 
recorded. 

Wolf  et  al.  (210)  evaluated  the  ability  of  ethyl  benzene  to  produce  injury  to  the 
eye  and  skin  of  rabbits.  They  found  that  two  drops  applied  to  the  eye  produced 
slight  conjunctival  irritation  but  no  corneal  injury.  Ten  to  twenty  applications  to  the 
ear  and  afdomcn  for  2  to  4  weeks  produced  moderate  redness,  swelling,  superficial 
necrosis  and  blistering. 
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2!I3  ’  4JL  Chronic  Toxidty 

Chronic  inhalation  exposure  of  guinea  pigs,  monkeys,  rabbits  and  rats  at  con¬ 
centrations  ranging  from  400  to  2200  ppm  for  7  to  8  hours  per  day,  5  days  per  week 
for  6  months  produced  no  effects  in  guinea  pigs,  monkeys  and  rabbits;  rats  exhibited 
a  slight  increase  in  liver  and  kidney  weights  (210).  The  same  investigators  noted 
changes  in  the  liver  and  kidney  in  rau  administered  406  or  660  mg/kg/day  ethyl 
benzene  in  olive  oil,  5  days  per  week  for  6  months.  No  effects  on  the  bohe  marrow 
were  observed  (210). 

Elovaara  et  al.  (3198)  reported  on  the  effects  of  ethyl  benzene  on  drug-meta¬ 
bolizing  enzymes  in  the  liver  and  kidney  of  male  Wistar  rats  and  also  on  accompany¬ 
ing  ultrastructural  changes  in  the  liver.  The  rats  were  exposed  for  6  hours/day,  5 
daysAveek  to  50,  300,  or  600  ppm  of  ethylbenzene  vapor,  and  killed  after  2,  5,  9  or 
16  weehs  of  exposure.  Microsomal  protein  content  was  increased  significantly  (p 
<0.01  at  2  weeks,  and  p  <0.05  at  5  and  9  weeks)  in  rats  exposed  to  600  ppm  of 
ethylbenzene,  and  also  in  the  7>OQ  ppm  and  50  ppm  exposure  groups  at  9  weeks  (p 
<0.01).  NADPH-cytochrome  c  reductase  activity  was  increased  by  30%  (S1.3-fold) 
after  exposure  to  300  or  600  ppm  of  the  chemical,  but  microsomal  cytochrome  P-450 
concentration  was  only  marginally  affected.  In  the  kidneys,  7-ethoxycoumarin  O- 
deeihylase  (<3.5-fold)  and  iJDPG-transfcrase  (S1.8-foid)  showed  dose-related 
increases.  Electron  microscopic  examination  revealed  changes  in  hepatocyte  ultra- 
,  structure  at  all  three  concentrations  of  ethyl  benzene  after  2,  5,  and  9  weeks:  the 
smooth  endoplasmic  reticulum  showed  proliferation  and  the  rough  endoplasmic 
reticulum  was  partly  split  and  shortened  with  slight  degranulation;  some  mitochondria 
were  enlarged  and  branched.  After  16  weeks,  these  changes  were  mainly  in  the  600 
ppm  group. 

2032  Human  and  Epidemiologic  Efferts 

Ethyl  benzene  is  primarily  an  irritant  to  the  skin,  eyes  and  upper  respiratory 
tract.  Systemic  absorption  causes  central  nervous  system  depression  (38).  Inhalation 
of  ethyl  benzene  might  exacerbate  the  symptoms  of  obstructive  airway  diseases  (e.g., 
emphysema)  due  to  its  irritant  properties  or  reflex  bronchospasm.  Aspiration  of  small 
amounts  causes  extensive  edema  and  hemorrhage  cf  lung  tissue  (38). 

No  human  ingestion  data  are  available  and  inhalation  data  are  limited.  At  200 
ppm  (870  mg/m’),  the  vapor  has  a  transient  irritant  elTcct  on  the  eyes.  At  2000  ppm, 
eye  irritation  and  lacrimation  are  immediate  and  severe  and  are  accompanied  by 
moderate  nasal  irritation.  Tolerance  to  these  effects  develops  after  several  minutes. 
Central  nervous  system  effects  begin  after  about  6  minutes  at  this  level.  At  5000 
ppm,  the  irritation  of  the  eyes,  nose  and  throat  becomes  intolerable  (19,  2.  211). 
Redness  and  inflammation  may  result  from  skin  contact  with  the  liquid  (51).  The 
rate  of  absorption  through  the  skin  of  the  hand  and  forearm  is  22  to  33  mg'cml  per 
hour  (46).  Ethyl  f>enzene  is  not  known  to  be  toxic  to  the  liver  or  kidneys;  however. 
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concern  for  these  organs  has  been  expressed  since  they  are  the  primary  routes  of 
metabolism  and  excretion,  respectively  (54).  | 

Angerer  and  Wulf  (3029)  examined  35  sprayroen  whp  used  varnishes  dissolved  in 
solvent  mixtures  containing  mainly  o-,  m-,  p-xylene,  and  ethylbenzene.  The  average 
concentrations  of  the  solvents  in  air  were  2.1,  7.9,  2.8,  and  4.0  ppm  respectively.  The 
tpraymen  were  between  24  and  52  yean  (average  38.8  yean)  and  had  been  employed 
for  between  2  and  24  yean  (average  8.2  yean)  at  that  firffl.  The  concentration  of 
ethylbenzene  found  in  the  blood  of  the  worken  was  61.4 1±  62.3  ng/l.  Alterations  of 
bio^  counts  were  observed  in  the  worken  exposed  to  the  various  solvent  mixtures. 
(They  were  also  exposed  to  n-butanol,  1,1,1-trichloroethahe,  some  C9-aromatic 
hydrocarbotu,  arid  lead  pigments).  On  the  average,  the  npmber  of  lymphocytes  was 
higher  than  that  of  segmented  granulocytes.  Erythrocytesi  and  hemoglobin  levels  of 
the  spraymen  were  lower  than  those  cf  controls. 

21333  Levels  of  Concern 

The  USEPA  (355)  has  established  an  ambient  water  quality  criterion  for  the 
protection  of  human  health  for  ethyl  benzene  of  1.4  mg/li  This  criterion  is  based  on 
the  threshold  limit  value  (100  ppm)  for  occupational  exposure  to  vapors,  which  was 
set  to  prevent  irritation  rather  than  chronic  effects.  An  uncertainty  factor  of  1000, 
50%  absorption  (assumed),  a  bioconcentration  factor  of  3^.5  for  fish  and  consumption 
of  two  liten  of  water  and  6.5  g  of  contaminated  Osh  per  (^ay  were  also  utilized  to 
calculate  the  criterion.  A  MCL  for  ethyl  benzene  in  drinking  water  of  700  /ng/L  has 
been  proposed  by  the  USEPA  (3883). 

Both  OSHA  (3539)  and  the  ACGIH  (3005)  have  set  jan  occupational  exposure 
limit  (8-hr  TWA)  of  100  ppm  (435  mg/m’)  for  ethyl  benzene,  bas<^  on  preventing 
eye  irritation. 

20JJ.4  Hazard  Assessment 

The  extent  and  quality  of  health  effects  data  available  for  ethyl  benzene  are 
inadequate.  Available  data  deal  primarily  vrith  the  irritant!  properties  of  ethyl 
benzene.  The  limited  nature  of  these  studies,  linked  wiih  the  sparse  information  on 
chronic  and  subchronic  toxicity,  and  carcinogenic  activity,  make  estimation  of  the 
hazards  of  long-term  low-level  human  exposure  to  this  cortipouiid  difficult  to  define. 
Almost  all  short-term  tests  for  genotoxicity  have  found  ethyl  benzene  to  be  negative. 

In  the  only  carcinogenic  study  found  in  the  literature,  theie  was  an  increase  in 
malignant  tumors  in  rats  treated  with  high  concentrations  ^f  ethyl  benzene. 


20.4  SAMPLING  AND  ANALYSIS  CONSIDERATION^ 

! 

Determination  of  ethyl  benzene  concentrations  in  soil  and  water  requires 
collection  of  a  representative  field  sample  and  laboratory  analysis.  Due  to  the 
volatility  of  ethyl  benzene,  care  is  required  to  prevent  losses  during  sample  collection 
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and  storage.  Soil  and  water  samples  should  be  collected  in  airtight  containers  with  no 
headspace;  analysis  should  be  completed  within  14  days  of  sampling.  However,  recent 
studies  (3430)  show  large  losses  of  volatiles  from  soil  handling.  At  the  present,  the 
best  procedure  is  to  collect  the  needed  sample  in  an  EPA  VOA  vial,  seal  with  a  foil- 
lined  septum  cap,  and  analyze  the  entire  contents  in  the  vial  using  a  modiCed  purge 
and  trap  apparatus.  In  addition  to  the  targeted  samples,  quality  control  samples  such 
as  6eld  blanks,  duplicates,  and  spiked  matrices  may  be  specified  in  the  recommended 
methods. 

EPA-approved  procedures  for  the  analysis  of  ethyl  benzene,  one  of  the  EPA 
priority  pollutants,  in  aqueous  samples  include  EPA  Methods  602,  624,  1624  (65), 

8020  and  8240  (63).  An  inert  gas  is  bubbled  through  the  aqueous  sample  in  a 
purging  chamber  at  ambient  temperature,  transferring  the  ethyl  benzene  from  the 
aqueous  pha.v:  to  the  vapor  pha<c  and  onto  a  sorbent  trap.  The  trap  is  then  heated 
and  backflushed  to  desorb  the  ethyl  benzene  and  transfer  it  onto  a  gas  chromato¬ 
graphic  (GC)  column.  The  GC  column  is  programmed  to  separate  the  volatile 
organics;  ethyl  benzene  is  then  detected  with  a  photo-ionization  detector  (Methods 
602  and  8020)  or  a  mass  spectrometer  (Methods  624,  1624,  and  8240).  Direct 
injection  may  also  be  used  for  samples  containing  elevated  concentrations. 

The  EPA  procedures  recommended  for  ethyl  benzene  analysis  in  soil  and  waste 
samples,  Methods  8020  and  8240  (63),  differ  from  the  aqueous  procedures  primarily 
in  the  method  by  which  the  analvte  is  introduced  into  the  GC.  The  recommended 
method  for  low  level  samples  (<1  mg/kg)  (Method  5030)  involves  dispersing  the  soil 
or  waste  sample  in  water  and  purging  in  a  heated  purge  and  trap  device.  Other 
sample  introduction  techniques  include  direct  injection  and  a  headspace  method. 

Typical  ethyl  benzene  detection  limits  that  can  be  obtained  in  wastewaters  and 
non-aqueous  samples  (wastes,  soils,  etc.)  are  shown  below.  The  actual  detection  limit 
achieved  in  a  given  analysis  will  vary  with  inrtrument  sensitivity  and  matrix  efrccts. 


Aqueous  Detection  Limit 

0.2  tig/L  (Method  602) 
7.2  /ig/L  (Method  624) 
10  ^ig/I,  (Method  1624) 
5  jUg/L  (Method  8240) 
2  Mg/L  (Method  8020) 


Non-Aoueous  Detection  Limit 

2  (Method  8020) 

5  ng/kg  (Method  8240) 
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COMMON 

SYNONYMS: 

Dimethylbenzene 

Xylene 

Xylol 

CAS  REG  NO. 
1330-20-7 
NIOSH  NO: 
ZE2190000 

FORMULA; 

C,H^ 

AIR  W/V  CONVERSION 
FACTORS  at  25’C  (12) 

434  Dg/tn’  M  1  ppm 

03304  ppm  «  1  mg/7n’ 

MOLECULAR  WEIGHT: 
106.17 

•  Isomer,  grade,  or  form:  Mixed 

•  Physical  State:  Liquid  (at  20*C) 

(23) 

•  Color:  Colorless 

(23) 

•  Odor:  Aromatic 

(2) 

•  Odor  Threshold:  1.1(X)  ppm 

(384) 

PHYSICO- 

•  Density:  No  data 

•  Frecze/Melt  Point:  No  data 

•  Boiling  Point:  No  data 

•  Flash  Point:  No  data 

•  Flammable  Limits:  No  data 

•  Autoignition  Temp.:  No  data 

CHEMICAL 

♦  Vapor  Pressure:  No  data 

DATA 

•  Satd.  Cone,  in  Air:  No  data 

(mix) 

•  Solubility  in  Water:  No  data 

•  Viscosity:  No  data 

•  Surface  Tension:  No  data 

•  Log  (Octanol-Water  Partition  Ci)cff.): 
3.16  (avg) 

(29) 

•  Soil  Adsorp.  Coeff.:  No  data 

(652) 

•  Henry's  Law  Coast.:  No  data 

(74) 

•  Bioconc.  Factor:  7.00E+01  (average 

(659) 

estim;  o-,m-,p-) 

Note:  Throughout  this  chapter,  the  term  xylene  refers  to  the  mixed  isomers  unless 
otherwise  specified.  Where  appropriate,  the  isomers  are  identified  by  the  prefixes  o- 
(ortho),  m-(meta)  or  p-(para). 
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XYLENE 


COMMON 

CAS  REG  NO-  FORMULA; 

AIR  W/V  CONVERSION 

SYNONYMS: 

95-47^  C,N., 

FACTORS  at  25*C  (12) 

o-Dimetbytbeazeoe 

NIOSH  NO; 

o-Xyteoe 

2B2430000 

4.34  mg/m’  «  1  ppm 

o-Xytoi 

STRUCTURE  ch 

0.2304  ppm  *  1  mg/m’ 

MOLECULAR  WEIGHT: 

& 

106.17 

•  Isomer,  grade,  or  form:  o 

•  Physical  State:  Liquid  (at  20*C) 

(23) 

•  Cblor:  Colorless 

(23) 

•  Odor:  Aromatic 

(2) 

•  Odor  Threshold:  1.100  ppm 

(384) 

•  Density:  0.8802  g/mL 
(at  25’C) 

(21) 

•  Frecze/Melt  Point:  -25.20*C 

(21) 

•  Boiling  Point:  144.40*C 

(21) 

•  Flash  Point:  31.00*C 

(21) 

•  Flammable  Limiu:  1.00  to  7.00% 
by  volume 

(504.12) 

•  Autoignition  Temp.:  464.0*C 

(51.506) 

PHYSICO- 

•  Vapor  Pressure:  7.00  mm  Hg 
(at  20*C) 

(38) 

CHEMICAL 

•  Satd.  Coi’C.  in  Air:  4.0750E+04 

DATA 

mg^m’  (at  20*C) 

(ADL  est.) 

(ortho) 

•  Solubility  in  Water:  3.00E-01 

mg/L  (at  20*C) 

(38) 

•  Viscosity:  0.802  cp  (at  20*C) 

(48) 

•  Surface  Tension:  3.2500E+01 
dyne/cm  (at  20*C) 

(21) 

•  Log  (Octanol-Water  Partition 

Coeff.):  3.12 

(29) 

•  Soil  Ad^rp.  Coeff.:  6.91  E +02 

(652) 

•  Henry's  Law  Coast.:  4.94E-03 
atm  mVmol  (at  25*C) 

(74) 

•  Bioconc.  Factor:  7.00E+01  (average 
cstim;  o-.m-.p-) 

(659) 

Note:  Throughout  thir,  chapter,  the  term  xylene  refers  to  the  mixed  Lsomers  unless 
othervmc  specified.  N^Ticrc  appropriate,  the  isomers  are  identified  by  the  prefixes  o- 
(ortho),  m-(meta)  or  p-(para). 
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COMMON 

SYNONYMS: 

p-Dinjethylbetizene 

p-Xylene 

p-Xytc! 


C'tS  REG  NO: 

106-42-3 
NIOSH  NO; 
ZE262500D 

FORMULA- 

C.H^ 

STRUCTURE: 

X 

CH, 

AIR  WA^  CONVERSION 
FACTORS  tt  25"C  (12) 

4.34  mg/ln’  »  1  ppm 
0.2304  ppm  »  1  m^m’ 


MOLECULAR  'VEIGHT: 
106.17 


•  Isomer,  grade,  or  form:  p 

•  Ph>-sical  State:  Liquid  (at  20*C) 

•  Color:  Colorless 

•  Odor:  Aromatic 

•  Odor  Tnreshold:  1.100 

•  Deruity:  0.8610  g/mL  (at  25*C) 

•  Frcezc/Melt  Point:  13.30“C 

•  Boiling  Poii-t:  138.70®C 

•  Flash  Point:  llSXfC 

•  Flammable  Limits:  l.(X)  to  7.00% 

by  volume 

•  Autoignition  Temp.:  529.0*C 

•  Vapor  Pressure;  9.00  mm 

PHYSICO-  Hg  (at  20“C) 

CHE.MICAL  •  Satd.  Cone,  in  Air:  5.2400E+04 

DATA  mgtm*  (at  20*0 

(para)  •  Solubility  in  Water:  3.00E-01 

mg/L  (at  20“C) 

•  Vvseosity:  0.635  cp  (at  20*C) 

•  Surface  Teasion:  2.83(X)E-*-01 

dyne/cm  (at  20°C) 

•  Log  (Octanol-Watcr  Partition 

Coeff  ):  3.15 

•  Soil  Adsorp,  Coeff.:  6.91  E+02 

•  Henry’s  Law  Coast.:  7.01  E-03 
atm  •  mVmol  (at  25'C) 

•  Bioconc.  Factor:  7.00E+01  (average 
estim;  o-,m-.p-) 


(23) 

,  (23) 

(2) 

(384) 

(21) 

(21) 

(21) 

(21) 

(504,12) 

(513) 

(38) 

(ADL  est.) 

(38) 

(48) 


Note:  Throughout  this  chapter,  the  term  xylene  refers  to  the  mixed  isomers  unless 
otherwise  specified.  Where  appropriate,  the  isomers  arc  identified  by  the  prefixes  o- 
(ortho),  iTi-(meta)  or  p-(pard). 
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COMMON 

SYNONYMS: 

Din)etby;t«nzeDe 

m-Xylene 

m-Xylot 

CAS  REG  NO: 

108-3S-3 
NIOSH  NO: 
ZE2275000 

FORMULA; 

C,H„ 

AIR  WA'  CONVERSION 
FACTORS  at  25X  (12) 

4J4  mghn’  a  l  ppm 

0.2304  ppm  «  1  mg/m’ 

STRUCTURE; 

CH, 

. 

TH, 

MOLECULAR  WEIGHT: 
106.17 

•  Isomer,  grade,  or  form:  m 

•  Physical  State:  Liquid  (at  20‘C) 

(23) 

•  Color:  Colorless 

(23) 

•  Odor:  Aromatic 

(2) 

•  Odor  Threshold:  1.100  ppm 

(3&4) 

•  Density:  0.8642  g/tnL  (at  25®C) 

(21) 

•  Freeze/Melt  Point:  -47.90“C 

(21) 

•  Boiling  Point:  139.10“C 

(21) 

•  Flash  Point:  29.00“C 

(21) 

•  Flammable  Limits;  1.00  to  7.00%  by  volume  (504,12) 

•  Autoignition  Temp.:  528.0  to  530.0°C 

(506,60) 

PHYSICO¬ 

CHEMICAL 

•  Vapor  Pressure:  9.{X)  mm  Hg  (at  20®C) 

*  Satd.  Cone,  in  Ait:  5.2400E+04  mg/m’ 

(38)  ' 

DATA 

(at  2(rC) 

(ADL  est) 

(meta) 

•  Solubility  in  Water:  3.(X)E-01  mg/L 

(at  20*C) 

(32). 

•  Viscosity:  0.061  cp  (at  20®C) 

•  Surface  Tension:  3.1200E-t-01  dync/cm 

(48) 

(at  20“C) 

(21) 

•  Log  (Octanol-Water  Partition  Coeff.):  3.20 

(29) 

•  Soil  Adsorp.  Coeff.:  6.91  E +02 

•  Henry’s  Law  Const.:  6.91E-03 

(652) 

atm  •  m’/mol  (at  25*C) 

•  Bioconc.  Factor;  7.00E+01  (average 

(74) 

estim;  o-.m-,p-) 

(659) 

Note:  Throughout  this  chapter,  the  term  xylene  refer?  to  the  mixed  isomers  unless 
otherwise  specified.  Where  appropriate,  the  isomers  are  identified  by  the  prefixes  o- 
(ortho),  rn-(meta)  or  p-(para). 
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REAcnvrrv 

Xylenes  may  generate  heat,  react  vigorously,  and  possibly 
ignite  or  explode  in  contact  with  oxidizing  mineral  acids 
or  other  strong  oxidizing  agents  (512,  507,  38,  511). 

PERSISTENCE 

IN  THE  SOIL- 
WATER 
SYSTEM 

Relatively  mobile  in  soil-water  systems,  especially  in 
aqueous  phase.  Volatilization  through  air-filled  pores  is 
also  possible.  Chemical  is  resistant  to  hydrolysis  but  is 
probably  biodegradable.  Should  assume  chemical  could 
persist  for  months  to  years  (or  longer). 

PATHWAYS 

OF 

EXPOSURE 

The  primary  pathway  of  concern  from  soil-water  systems 
is  the  migration  of  xylene  to  groundwater  drinking  water 
supplies.  Data  from  NPL  sites  indicate  that  migration  of 
this  compound  has  occurred  in  the  past  Inhalation 
resulting  from  volatilization  from  surface  soils  may  also 
be  important. 

HEALTH 

HAZARD 

DATA 

(Cont.) 

Signs  and  Symptoms  of  Short-term  Human  Exposure: 

(54) 

Acute  exposure  to  high  concentrations  of  xylene  vapors 
in  air  may  cause  CNS  depression  with  symptoms 
including  dizziness,  drowsiness,  nausea,  vomiting, 
abdominal  pain,  loss  of  appetite,  pulmonary  edema,  and 
unconsciousnes.*,  as  well  as  reversible  effects  on  the  liver 
and  kidneys.  Liquid  xylene  and  high  vapor  concentra¬ 
tions  are  irritating  to  the  eyes  and  the  vapor  may  cause 
transient,  reversible  damage  to  the  cornea.  Aspiration 
of  liquid  into  the  lungs  may  cause  chemical  pneumonitis, 
pulmonary  edema  and  hemorrhage. 
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HEALTH 

HAZARD 

DATA 

Acute  Toxicitv  Studies;  /4Ti 

INHALATION: 

LCm  5000  ppm  ■  4hr  Rat 

ORAL; 

LDm  4300  mg/kg  Rat 

Long-Tc'm  Effects;  Possible  damage  to  liver  and 
kidneys,  but  such  effects  have  not  been  demonstrated 
with  certainty 

Pregnancy/Neonate  Data:  Negative  in  rats:  cleft  palates 
in  mi<:e  but  onlv  at  near  lethal  levels 

Genctoxicity  Date:  Negative 

Carcinogenicity  Classification: 
lARC  -  No  data 

NTP  -  No  evidence  in  mice  and  rats 

EPA  •  Group  D  (not  classifiable  as  to  human 
carcinogenicity) 

HANDLING 
PRECAUTIONS 
(38,  52) 

Handle  xylene  only  with  adequate  ventilation  •  Vapor 
concentrations  of  100-1000  ppm:  chemical  cartridge 
respirator  with  full  facepiece  and  organic  vapor  cartridge 

•  1000-5000  ppm:  any  supplied-air  respirator  or  self- 
contained  breathing  apparatus  with  full  facepiece  or 
NIOSH-approved  respirator  with  organic  vapor  canister 

•  Chemical  goggles  if  there  is  probability  of  eye  contact 

•  Natural  rubber,  neoprene,  PVA  PVC,  gloves/apron/ 
boots  and  protective  clothing  to  prevent  prolonged  or 
repeated  skin  contact  with  liquid. 
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ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS  AND 

CRITERIA 


AIR  EXPOSURE  LIMITS: 

Standards 

•  OSHA  TWA  (S-hr):  100  ppm;  STEL  (15-min):  150  ppm 

•  AFOSH  PEL  (8-hr  TWA):  100  ppm;  STEL  (15-min):  150  ppm 

Criteria 

•  NIOSH  IDLH  (30-min):  1000  ppm 

•  NIOSH  REL  (10-hr  TWA):  100  ppm;  ceiling  (10-min):  200  ppm 

•  ACGIH  TLV®  (8-hr  TWA):  100  ppm 

•  ACGIH  STEL  (15-min):  150  ppm 


WATER  EXPOSURE  LIMITS: 

Drinking  Water  Standards  (3742) 

MCLG:  10,000  ^g/L  (proposed) 

MCL  :  10,000  (proposed) 

EPA  Health  Advisories  and  Cancer  Risk  Levels  (3977) 

The  EPA  has  developed  the  following  Health  Ads^ries  which  provide  specific 
advice  on  the  levels  of  contaminants  in  drinking  water  at  which  adverse  health 
effects  would  not  be  anticipated. 

-  1-day  (child):  40  mg/L 

-  10-day  (child):  40  mg,L 

-  longer-term  (child):  40  mgL 

-  longer-term  (adult):  10  mg/L 

-  lifetime  (adult):  10  mg/L 

WHO  Drinking  Water  Guideline 
No  information  available. 

EPA  Ambient  Water  Quality  Criteria 

•  Human  Health  (3.55) 

No  criterion  established;  xylene  is  not  a  priority  pollutant. 

•  Aquatic  Life  (355) 

No  criterion  established;  xylene  is  not  a  priority  pollutant. 

REFERENCE  DOSES: 

ORAL:  2.000E-I-03  /igTicg/day  (3744) 


REGULATORY  STATUS  (as  of  Ol-MAR-89) 


Promulgated  Regulations 
Fnleral  Programs 
Qean  Water  Act  (CWA) 

Dimethylphenol  (Xylenol)  is  designated  a  hazardous  substance  under 
the  CWA.  It  has  a  reportable  quantity  (RQ)  of  454  kg  (347,  3764) 

2.4- Dimeth/lphenot  is  listed  as  a  tone  pollutant,  subject  to  general 
pretreatment  regulations  for  new  and  existing  sources,  and  efDuent 
standards  and  guidelines  (351,  3763).  Effluent  limitations  specific  to 
this  chemical  have  been  set  in  the  following  point  source  categories: 
electroplating  (3767),  organic  chemicals,  plastics,  and  synthetic  fibers 
(3777),  steam  electric  power  generating  (3802),  metal  finishing  (3768), 
and  metal  molding  and  casting  (892).  Limitations  vary  depending  on 
the  type  of  plant  and  industry. 

Safe  Drinking  Water  Act  (SDWA) 

In  states  with  an  approved  Underground  Injection  Control  program,  a 
permit  is  required  for  the  injection  of  2,4-dimethylphenoI-contaiping 
wastes  designated  as  hazardous  under  RCRA  (295). 

Resource  Conservation  and  Recovery  Act  (RCRA) 

Z4-Dimethylphenol  is  identified  as  a  toxic  hazardous  waste  (UlOl)  and 
listed  as  a  hazardous  waste  constituent  (3783,  3784).  Waste  streams 
from  the  following  industries  contain  2,4-dimethylphenol  and  are  listed 
as  specific  sources  of  hazardous  waste:  wood  preservation  (creosote 
and/or  penta-  chlorophenol  preserving  processes),  coking  operations, 
and  petroleum  refining  (3774,  3765).  2,4-DimethyIphenol  is  subject  to 
land  disposal  restrictions  when  its  concentration  as  a  hazardous 
constituent  of  certain  wastewaters  exceeds  designated  levels  (3785). 
Effective  November  8,  1988,  the  land  disposal  of  certain  untreated 

2.4- dimethylphenol-containing  hazardous  wastes  is  prohibited.  These 
wastes  must  be  treated  according  to  Best  Demonstrated  Available 
Technology  (BOAT)  treatment  standards  before  being  disposed. 
Certain  variances  exist  until  May,  1990  for  other  hazardous  wastes  for 
which  BDAT  treatment  standards  have  not  been  promulgated  by  EPA 
(3786).  Z4-DimethyI-phenol  is  on  EPA’s  ground-water  monitoring  list. 
EPA  requires  that  all  hazardous  waste  treatment,  storage,  and  disposal 
facilities  monitor  their  ground-water  for  chemicals  on  this  list  when 
suspected  contamination  is  first  detected  and  annually  thereafter 
(3775). 
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ILLINOIS 

Illinois  has  a  water  quality  standard  for  phenols  of  100  ^g'L  for 
general  use  waters,  1  ng/L  for  public  and  food  processing  water 
supplies,  and  300  fig/L  for  aquatic  life  waters  (3371,  3827). 

INDIANA 

Indiana  has  set  the  following  surface  water  quality  criteria  for  phenols 
and  phenolic  compounds:  10  ngfL  for  the  Ohio  River  and  Wabash 
Rr/er,  300  /xg/L  (daily  maximum)  for  Lake  Michigan  and  contiguous 
harbor  areas,  and  10  ng/L  for  the  Grand  Calumet  River  and  Indiana 
Harbor  (3827). 

IOWA 

Iowa  has  a  surface  water  quality  standard  of  50  ^ig/L  for  phenolic 
compounds  in  Gass  B  and  C  surface  waters  (3327). 

KANSAS 

Kansas  has  an  action  level  for  2,4-dimethylphenol  of  400  /ig/L  for 
ground-water  (3213). 

KEhTTUCKY 

Kentucky  has  a  surface  water  quality  criterion  of  5  ngfL  for  phenolic 
compounds  in  warm  and  coldwater  aquatic  habitats  (3827). 

LOUISIANA 

Louisiana  has  water  quality  criteria  for  phenok  of  5  ^g/L  for  drin*^ 
water  supply  waters,  440  /xg/L  for  marine  surface  waters,  and  50  fig/L 
for  fresh  surface  waters  (3406). 

MINNESOTA 

Minnesota  has  surface  water  quality  criterion  of  10  fig/L  for  phenok  in 
Fkherics  and  Recreation  waters  (3827). 

MISSISSIPPI 

Mississippi  requires  that  the  level  of  phenolic  compounds  in  the  public 
water  supply  not  exceed  1  ngfL  (3684).  Mississippi  also  has  a  surface 
water  quality  standard  of  50  xxg/L  for  phenolic  compounds  for  fish  and 
wildlife  protection  (3684). 

NEVADA 

Nevada  has  a  water  quality  criterion  for  phenolics  of  1  (ig/L  for  all 
surface  waters  (3827). 


•  % 
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NEW  HAMPSHIRE 

New  Hampshire  has  a  drinking  water  standard  of  1  fig/L  for  phenols 
(3710).  New  Hampshire  also  has  a  surface  water  quality  standard  of  1 
fig/L  for  Qass  A  and  B  waters  and  2  fig/L  for  Gass  C  waters  (3684). 

NEW  JERSEY 

New  Jersey  sets  the  maximum  concentration  levels  for  phenols  in  the 
Delaware  River  and  Bay  at  the  following  levels:  5  fig/L  for  Zones  1,  2 
and  3,  20  /ig/L  for  Zone  4,  and  10  fig/L  for  Zones  5  and  6.  These 
are  maximum  levels  that  apply  unless  exceeded  due  to  natural 
conditions  (3498). 

NEW  YORK 

New  York  has  an  ambient  water  quality  standard  for  aquatic  life  of  5 
fig/L  for  total  unchlorinated  phenols  for  all  freshwater  classes  of 
surface  waten  (3500).  New  York  has  also  set  an  MCL  of  5  fig/L  for 
2,4-dimethylphenol  in  drinking  water  and  a  water  quality  standard  of  1 
fig/L  for  phenol  and  phenolic  compounds  in  ground-water  and  surface 
water  classed  for  drinking  water  supply  (3501). 

NORTH  CAROLINA 

North  Carolina  has  a  water  quality  standard  of  1  fig/L  for  phenolic 
compounds  in  Class  WS-I,  WS-II,  and  WS-III  surface  waters  (3681). 

OHIO 

Ohio  has  a  surface  water  quality  standard  for  phenolic  compounds  of  1 
fig/L  for  Lake  Erie  use  waters,  public  water  supply  waters,  aquatic  life 
habitat  coldwaters  and  exceptional  warmwaters,  and  10  fig/L  for  aquatic 
life  habitat  warmwaters  (3827). 

OKLAHOMA 

Oklahoma  has  set  an  unenforceable  Toxic  Substance  Goal  of  55.5  fig/L 
for  public  and  private  water  supply  surface  waters  (3534). 

OREGON 

Oregon  has  a  surface  water  quality  criterion  of  1  fig/L  for  phenols  in 
all  surface  waters  (3827). 

PENNSYLVANIA 

Pennsylvania  has  a  human  health  criterion  for  total  phenolics  of  5  fig/L 
measured  in  surface  waten  at  the  point  of  water  supply  intake  (3561). 
Pennsylvania  also  has  a  human  health  criterion  of  4(X)  fig/L  for 
2,4-dimethylphenol  in  surface  water  (3561). 
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Rhode  Island  has  an  acute  freshwater  quality  guideline  of  106  ^g/L 
and  a  chronic  guideline  of  24  /sg/L  for  surface  waters  for  the 
protection  of  aquatic  life.  These  guidelines  are  enforceable  under 
Rhode  Island  state  law  (3590). 


Tennessee  sets  an  effluent  limitation  of  1.0  mg/L  for  phenols  in 
effluent  from  industrial  wastewater  treatment  plants  (3827). 


Virginia  has  a  water  quality  criterion  for  phenols  of  1  for  ground- 
water  and  public  water  supply  surface  waters,  and  a  chronic  criterion 
for  the  protection  of  aquatic  life  of  1  ngfL  for  phenol  in  surface  water 
(3135,  3827). 


West  Virginia  sets  0.001  mg/L  as  the  maximum  concentration  secondary 
contaminant  level  for  phenols  iit  drinking  water  in  the  community 
public  water  systems  (3576). 

WISCONSIN 

Wisconsin  has  a  taste  and  odor  criterion  threshold  concentration  of  400 
HgfL  for  24-dimethylphenol  in  surface  waters  (3841). 

Proposed  Regulations 

•  Federal  Programs 

No  proposed  federal  regulations  are  pending. 

•  State  Water  Programs 

MOST  STATES 

Most  states  are  in  the  process  of  revising  their  water  programs  and 
proposing  changes  in  their  regulations  which  will  follow  EPA’s  changes 
when  they  become  final.  Contact  with  state  officers  is  advised. 

Changes  are  projected  for  1989-90  (3683). 

IOWA 

Iowa  has  proposed  acute  criteria  for  phenols  of  50  Mg/L  for  Qass  C 
surface  waters,  1000  ng/L  for  Qass  B  cold  surface  waters,  and  2500 
Mg/L  for  Qass  B  warm  surface  waters,  and  a  chronic  criterion  of  50 
Mg/L  for  all  Class  B  surface  waters.  These  criteria  are  for  the 
protection  of  aquatic  life  (3326). 


Minnesota  has  proposed  a  Sensitive  Acute  Limit  (SAL)  of  530  MgL 
and  a  chronic  criterion  of  12  ngfL  for  24-dimethylphenol  in  designated 
surface  waters  for  the  protection  of  human  health  (3452). 
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Direct  discharge  into  ground-water  (Le^  without  percolation 
through  the  ground  or  cubsoil)  of  orgaoohalogen  compounds 
and  substances  which  may  form  such  compounds  in  the  aquatic 
environment,  substartces  which  possess  carcinogenic,  mutagenic 
or  teratogenic  properties  in  or  via  the  aquatic  environment,  and 
mineral  oils  and  hydrocarbons  is  prohibited.  Appropriate 
measures  deemed  necessary  to  prevent  indirect  discharge  into 
ground-water  (i.e.,  via  percolation  through  ground  or  subsoil)  of 
these  substances  shall  be  taken  by  member  countries. 


Directive  Relating  to  the  Qassification.  Packaging  and  Labeling 
of  Dangerous  Preparations  (Solvents)  (544) 

Xylene  is  listed  as  a  Class  11/c  harmful  substance  and  is  subject 
to  packaging  and  labeling  regulations. 

Directive  on  Toxic  and  Dangerous  Wastes  (542) 

Any  installation,  establishment,  or  undertaking  which,  produces, 
holds  and/'or  disposes  of  certain  toxic  and  dangerous  wastes 
including  phenols  and  phenol  compounds;  organic-halogen 
compounds,  excluding  mert  poly-meric  materials  and  other 
substances  referred  to  in  this  list  or  covered  by  other  Directives 
concerning  the  disposal  of  toxic  and  dangerous  waste; 
chlorinated  solvents;  organic  solvents;  biocides  and 
phyto-pharmaceutical  substances;  ethers  and  aromatic  polycyclic 
compound:  (with  carcinogenic  effects)  shall  keep  a  record  of 
the  quantity,  nature,  physical  and  chemical  characteristics  and 
origin  of  such  waste,  and  of  the  methods  and  sites  used  for 
disposing  of  such  waste. 

Directive  on  the  Qassification.  Packaging  and  Labeling  of 
Dangerous  Substances  (787) 

Xylene  is  classified  as  a  harmful  substance  and  is  subject  to 
packaging  and  labeling  regulations.  Xylene  may  contain  a 
siablizer.  If  the  stablizer  changes  the  dangerous  properties,  this 
substance  should  be  labeled  in  accordance  with  rules  in  Annex 
I  and  EEOE8/'490,  22  July  1988. 

EEC  Dire:tive-Proposed  Resolution 

Resolutior  on  a  Resised  List  of  Second-Category  Pollutants 

(545) 

Xylene  is  one  of  the  second-category  pollutants  to  be  studied 
by  the  Commission  in  the  programme  of  action  of  the 
European  Communities  on  Environment  in  order  to  reduce 
pollution  and  nuisances  in  the  air  and  water.  Risk  to  human 
health  and  the  environment,  limits  of  pollutant  levels  in  the 
environment,  and  determination  of  quality  standards  to  be 
applied  will  be  assessed. 
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21.1  MAJOR  USES 

Commercial  xylene  is  a  mixture  of  the  ortho,  meta  and  para  isomers,  with  the 
meta  form  usually  the  principal  component  (60-70%).  Xylene  may  also  contain  6  to 
10%  impurities  such  as  benzene,  ethyl  benzene,  trimethylbenzene,  toluene,  phcn'1. 
thiophene,  pyridene  and  nonaromatic  hydrocarbons.  The  xylenes  are  widely  used  as 
fuel  compmnents  and  as  solvenu  for  inks,  rubben,  gums,  resins,  adhesives,  lacquers, 
paints  and  uisecticides.  Xylenes  are  commoniy  used  in  the  chemical  industry  as 
intermediates.  Specifically,  o-xylene  is  used  in  the  manufacture  of  phthalic  anhydnde 
which  is  a  basic  building  block  for  plasticizers.  Meta-xylene  is  an  intermediate  in  the 
preparation  of  isophthalic  acid  which  is  the  base  of  unsaturated  polyester  resins. 
Commercially,  para-xylene  is  the  most  important  isomer.  Almost  all  is  converted  to 
terephthalic  acid  or  dimethylterephthalate  and  used  to  make  fibers,  films  and  resins 
(2,  12.  21). 


21.2  ENVIRONMENTAL  FATE  AND  EXPOSURE  PATHWAYS 
21J2.1  Transport  in  SoilXmHiod-water  Systems 
21.21.1  Overview 

Xylene  may  move  through  the  soil/ground-water  system  when  present  at  low 
concentratioru  (dissolved  in  water  and  sorbed  on  soil)  or  as  a  separate  organic  phase 
(resulting  from  a  spill  of  significant  quantities  of  the  chemical).  In  general,  traasport 
pathways  of  low  soil  concentrations  can  be  assessed  by  using  an  equilibrium 
partitioning  model  as  shown  in  Table  21-1.  These  calculations  predict  the  partitioning 
of  xylene  aihong  soil  particles,  soil  water  and  soil  air.  The  portions  of  xylene 
associated  with  the  water  and  air  phases  of  the  soil  are  more  mobile  than  the 
adsorbed  portion. 

The  estimates  for  the  urtsaturated  topsoil  model  indicate  that  nearly  all  of  the 
xylene  (98.8%)  is  expected  to  be  sorbed  to  the  soil.  A  much  smaller  amount  (0.7%) 
is  expected  to  be  present  in  the  soil-water  phase  and  thiis  available  to  migrate  by 
bulk  transport  (e.g.,  the  downward  movement  of  infiltrating  water),  dispersion  and 
diffusion.  For  the  portion  of  xylene  in  the  gaseous  phase  of  the  soil  (0.5%),  diffusion 
through  the  soil-air  pores  up  to  the  ground  surface,  and  subsequent  removal  by  wind, 
will  be  a  significant  loss  pathway. 

In  saturated,  deep  soils  (containing  no  soil  air  and  negligible  soil  organic  carbon), 
a  much  higher  fraction  of  the  xylene  (26%)  is  likely  to  be  present  in  the  soil-water 
phase  (Table  21-1)  and  transported  with  flowing  ground  water. 
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TABLE  21-1 

EQUILIBRIUM  PARTITIONING  CALCULATIONS  FOR  XYLENE 
IN  MODEL  ENVIRONMENTS’ 


Environment 

SoU 

Soil-Water 

Soil-Air 

Unsaturated 
topsoil 
at  25*0’” 

98.8 

0.7 

0.5 

Saturated 

deep  soil^ 

74.4 

25.6 

- 

a)  Calculatioru  based  on  Mackay’s  equilibrium  partitioning  model  (34,  35,  36);  see 
Introduction  for  dercriptiun  of  model  and  environmental  conditions  chosen  to 
represent  an  unsaturatcd  topsoil  and  saturated  deep  soil.  Calculated  percentages 
should  be  considered  as  rough  estimates  and  used  only  for  general  guidance. 

b)  Utilized  estimated  soil  sorption  coefficient:  K«  =  691  (Estimated  by  Arthur  D. 
Little.  Inc.) 

c)  Henry’s  law  constant  taken  as  0.007  atm*mVmol  at  25®C. 

d)  Used  sorption  coefficient  (K,)  calculated  as  a  function  of  assuming  0.1% 
organic  carbon:  K,  =  0.001  x 


Laboratory  batch  and  column  experiments  by  Schwarzenbach  and  Westall  (228) 
showed  that  p-xylene  could,  be  fairly  mobile  in  soil/ground-water  systems.  The  relative 
velocity  (velocity  of  xyleneA'elocity  of  water)  was  0.05  in  a  ri/er  sediment  and  0.45  in 
aquifer  material.  Demirjian  et  al.  (522)  found  that  xj’iene  applied  (at  0.13  tig^ha)  in  a 
sludge  land-treatment  study  was  not  detectable  in  the  soil  at  the  end  of  the  study 
period.  Volatilization  losses  may  have  been  an  important  transport  pathway. 

In  a  field  study  on  the  removal  of  oiganics  in  water  by  dune-infiltration  (using 
water  from  the  Rhine  River),  Pi.:t  et  al.  (226)  actually  found  increases  in  the 
concentration  of  o-xylene  after  infiltrai-on.  While  the  reason  for  this  increase  is  not 
known,  and  may  have  been  due  to  some  artifact  of  the  study,  the  results  do  indicate 
that  xylene  is  easily  transported  by  infiltrating  water. 
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212.12  Scxpdoo  on  Soik 

The  mobility  of  xylene  in  the  soil/ground-water  system  (and  its  eventual  migration 
into  aquifers)  is  strongly  affected  by  the  extent  of  its  sorption  on  soil  particles.  In 
general,  sorption  on  soils  is  expect^  to: 

-  increase  with  increasing  soil  organic  matter  content; 

•  increase  slightly  with  decreasing  temperature; 

*  increase  moderately  with  increasing  salinity  of  the  soil  water;  and 
decrease  moderately  with  increasing  dissolved  organic  matter  content  of 
the  soil  water. 


Based  upon  its  octanol-water  partition  coefficient  of  1450  (average  for  the  3 
isomers),  the  soil  sorption  coefficient  (K^e)  is  estimated  to  be  691.  'fhis  number  is 
indicative  of  moderate  sorption  potential. 

21.2.1J3  VoUdlizatioa  from  Soils 

Transport  of  xylene  vapors  through  the  air-Glled  pores  of  unsaturated  soils  is  an 
important  transport  mechanism  for  near-surface  soils.  In  general,  important  soil  and 
environmental  propenies  influencing  the  rate  of  volatilization  include  soil  porosity, 
temperature,  convection  currents  and  barometric  pressure  changes;  important 
physicochemical  properties  include  the  Henry’s  law  constant,  the  vapor-soil  sorption 
coefficient,  and,  to  a  lesser  extent,  the  vapor  phase  diffusion  coefficient  (31). 

2122  Transformalioa  Processes  in  Sofl/Ground-water  Systems 

The  persistence  of  xylene  in  soil/ground-water  systems  has  not  been  studied.  In 
most  cases,  it  should  be  assumed  that  the  chemical  will  persist  for  months  to  years 
(or  more). 

Xylene  under  normal  environmental  conditions  is  not  expected  to  undergo 
hydrolysis  since  it  contains  no  hydrolyzable  functional  groups  (529). 

No  information  on  the  biodegradabilit;'  of  xylene  in  the  soil/ground-water 
environment  is  available.  However  ba^  upon  data  for  other  structurally-simildr 
chemicals  (e.g.,  toluene,  ethyl  benzene),  it  is  expected  that  xylene  would  be 
biodegradable.  The  importance  of  biodegradation  as  a  fate  pathway  would,  of  course, 
depend  upon  the  type  and  concentration  of  microorganisms  present  as  well  as  many 
other  environmental  factors. 
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21JL3  Primary  Routei  of  Eapoaufc  Rom  Soil/Ground-water  Systems 

The  above  discussion  of  fate  pathways  tuggesu  that  the  xylene  isomers  are  highly 
volatile  from  aqueous  solutions,  moderately  adsorbed  by  soil  and  have  a  moderate 
potential  for  bioaccumulatioa  The  xylene  isomers  may  volatilize  from  soil  surfaces. 
The  portion  not  removed  by  volatilization  may  eventually  migrate  to  ground  water. 
These  fate  characteristics  suggest  several  potential  exposure  pathways. 

Volatilization  of  xylenes  from  a  disposal  site,  particularly  during  drilling  or 
restoration  activities,  could  result  in  inhalation  exposures.  In  addition,  there  is  a 
potential  for  ground  water  contamination,  particularly  in  sandy  soil.  Mitre  (83) 
reported  that  xylene  has  been  found  at  40  of  the  546  National  Priority  List  (NPL) 
sites.  It  was  detected  at  30  sites  in  ground  water,  8  sites  in  surface  water  and  8  sites 
in  air. 

This  compound  was  reported  in  the  USEPA  (531)  Ground  Water  Supply  Survey 
(GWSS).  This  survey  examined  945  finished  water  supplies  that  use  ground-water 
sources.  The  results  for  the  xylene  isomers  are  summarized  Table  21-2. 

The  random  results  are  intended  to  statistically  represent  the  U.S.  ground-water 
drinidng  water  supplies.  The  non-random  samples  were  chosen  by  the  states  as  being 
potentially  contaminated.  Xylenes  have  also  b^n  detected  in  the  National  Organic 
Monitoring  Survey  (NOMS)  (90). 

The  properties  and  the  survey  results  described  above  indicate  that  xylenes  have 
the  potential  for  movement  in  soil/ground-water  systems.  These  compounds  may 
eventually  reach  surface  waters  by  this  mechanism,  suggesting  several  other  exposure 
pathways: 

•  Surface  waters  may  be  used  as  drinking  water  supplies,  resulting  in  direct 
ingestion  exposure. 

•  Aquatic  organisms  residing  in  these  waters  may  be  consumed,  also 
resulting  in  ingestion  exposures. 

•  Recreational  use  of  these  waten  may  result  in  dermal  exposures. 

•  Domestic  animals  may  consume  or  be  dermally  exposed  to  contaminated 
gfound  or  surface  waters;  the  consumption  of  meats  and  poultry  could 
then  result  in  ingestion  exposures. 

In  general,  exposures  associated  with  surface  water  contamination  can  be 
expected  to  be  lower  then  exposure  from  drinking  contaminated  ground  water  for  two 
reasons.  First,  the  Henry's  law  constants  for  xylenes  suggest  that  volatilization  will 
occur  upon  reaching  surface  waters.  Secondly,  the  BCF  for  xylene  is  not  high 
enough  to  suggest  consumption  of  aquatic  organisms  or  domestic  animals  as  a 
significant  source  of  exposure  compared  to  drinking  water. 
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TABLE  21-2 

XYLENE  ISOMERS  IN  GROUND- WATER 


XYLENE 


Median  of 
Positives 

Maximum 

Sample  Type 

No.  % 

(Mg^) 

(Mg/L) 

m-XvIenc 

Random 

Supplies  serving 

<10,000  people  (280  samples) 

6  11 

0.32 

1.5 

Supplies  serving 

>10,000  people  (186  umples) 

2  1.1 

0.59 

0.91 

Non-Random 

Supplies  serving 

<10,000  people  (321  samples) 

8  15 

038 

0.83 

Supplies  serving 

>10,000  people  (158  samples) 

0  0 

• 

• 

o-  and  D-Xvlene 

Random 

Supplies  serving 

<10,000  people  (280  samples) 

6  11 

0.34 

0.59 

Supplies  serving 

>10,000  people  (186  samples) 

2  1.1 

0.59 

0.91 

Non-Random 

Supplies  serving 

<10,000  peoole  (321  samples) 

10  3.1 

0.44 

15 

Supplies  serving 

>10,000  people  (158  samples) 

0  0 

• 

'Samples  having  levels  over  quantiHcation  limit  of  0.2  ^ig/L. 


21.2.4  Other  Sources  of  Exposure 

The  volatility  of  xylenes  suggest  that  they  may  be  found  in  air.  Brodzinsky  and 
Singh  (84)  compiled  all  available  atmospheric  data  for  a  number  of  volatile  organics. 
For  xylenes,  they  had  data  for  o-xy!ene  and  m/p-xylene.  For  o-xylene,  they  had  data 
for  2182  locations.  For  rural  and  remote  areas,  the  median  concentration  of  o-x\icnc 
was  0.4  tig/Tn^  In  urban  and  suburban  areas,  the  median  was  5.2  ng/m\  and  in 


XYLENE 


21-19 


lource-dominated  areas,  the  median  was  3 J  fig/tn\  For  m/p-xyiene,  the  median 
concentration  for  rural  and  remote  areas  was  038  In  urban  and  suburban 

areas,  the  median  was  12  and  in  source-dominated  areas,  the  inedian  was  7.4 
These  results  suggest  inhalatioo  exposures  even  in  rural  and  remote  areas 

Xylene  is  found  in  drinking  water  obtained  from  ground  water.  There  is  a  lack 
of  data  on  the  occurrence  of  xylenes  in  finished  surface  water  supplies.  Discharge  of 
effluents  contaminated  with  xylenes  near  water  intakes  in  surface  water  could 
potentially  result  in  ingestion  exposures  from  dhnldng  water.  The  use  of  this 
compound  as  a  solvent  in  a  variety  of  consumer  products  suggest  that  direct  dermal 
and  inhalation  exposures  may  occur  during  consumer  use. 


213  HUMAN  HEALTH  CONSIDERATIONS 

213.1  Animal  Studies 

213.1.1  Cardoogenidty 

Xylene  (commercial  mixture),  administered  to  rats  and  mice  by  gavage,  was  tested 
for  carcinogenicity  by  NTP  (3484).  No  evidence  of  500  carcinogenicity  was  seen  for 
male  or  female  F344/N  rats  given  250  or  500  mg/kg  or  for  male  or  female  BOCSF, 
mice  given  500  or  1,000  mglg  by  gavage  for  2  years. 

213.13  Genotoxidty 

Xylenes  have  been  tested  for  mutagenicity  in  both  bacteria!  and  mammalian 
systems  and  have  shown  fairly  conclusive  evidence  for  the  absence  of  mutagenic 
activity.  Xylene  failed  to  induce  sister  chromatid  exchange  in  cultured  human 
lymphocytes  (798)  and  produced  no  evidence  of  bone  marrow  chromosome  damage  in 
rats  exposed  to  technical-grade  xylene  (which  contains  18.3%  v/v  ethyl  benzene)  by 
inhalation  at  300  ppm,  6  houn  per  day,  5  days  per  week  for  up  to  18  weeks  (799). 
The  ortho-,  meta-  and  para-isomen  of  xylene  ga^o  negative  results  with  and  without 
metabolic  activation  in  the  Salmonella  microsome  assay  (795,  3276)  is  did 
technical-grade  xylene  (3859).  Only  the  para-isomer  was  tested  by  Shimizu  et  al. 
(3645)  in  the  five  standard  strains  of  Salmonella  and  in  Escherichia  ccli.  and  it  was 
found  tiegative  at  all  concentrations  tested.  It  was  toxic  at  500  and  lOOO  tsg/piate. 
Technical-grade  xylene  was  also  inactive  in  DNA  repair  assays  with  £  £2li  and  fi. 
subtilis  (796,  797).  Technical-grade  xylene  did  induce  a  low  frequency  of  recessive 
lethals  in  Drosophila:  the  ortho-  and  meta-isomers  of  xylene  alone,  as  well  as  ethyl 
benzene  alone,  were  negative  in  this  assay  (799).  All  three  isomers  of  xylene  were 
tested  by  intraperitoneai  injection  in  male  mice  and  their  bone  marrow  cells  examined 
for  the  presence  of  micronuclei;  all  were  negative  (3462,  3463). 
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21  J.13  Tentogeoidty,  Embrjiotaacity  and  Reproductive  Effects 

A  study  ssseuing  the  teratogeoicity  of  the  xylene  isomers  was  conducted  by 
Ungvary  et  aL  (212).  Rats  were  expos^  by  inhalation  to  35,  350  or  700  ppm  of 
ortho-,  meta-,  or  para-rylene  continuously  on  days  7  through  14  of  gestation.  The 
incidence  of  visceral,  skeletal  and  external  abnormalities  was  not  affected  by 
any  of  the  isomers,  leading  the  authors  to  conclude  that  xylene  was  not  a  teratogen. 
Decreased  fetal  development  was  observed  at  the  highest  exposure  level  for  all  3 
isomers.  This  was  attributed  to  the  decrease  in  maternal  food  intake  at  that  level. 
Additional  groups  of  rats  were  exposed  to  the  same  vapor  concentratioiu  but  only  to 
o-xylene  for  2  boun  on  the  18th  day  of  gestation.  The  o-xylene  was  found  to  cross 
the  placenta  and  was  present  in  the  fetal  blood  and  amniotic  Quid.  The  same 
research  group  (Ungvary  and  Tatrai,  3753)  later  exposed  rats,  mice,  and  rabbits  to 
xylene  mixtures  by  inhalation  (3753).  Skeletal  and  weight  retardation  of  fetuses  was 
significant  in  mice  at  IGOO  mg/m^  The  same  level  was  toxic  to  pregnant  rabbits, 
causing  death,  abortion,  or  total  resorption.  In  rats,  significant  skeletal  retardation 
was  found  at  250  mg/m\  while  3400  mg/m’  greatly  increased  weight  retardation, 
skeletal  retardation,  minor  anomdlks,  and  dead  cr  resorbed  embryn*.  Ortho-xylene, 
meta-xylerte,  and  para-xylene  used  individually  with  mice  resulted  in  weight  and 
skeletal  retardation  at  the  500  mg/m’  level  in  all  three  groups.  Mirkova  et  al.  (3453) 
exposed  pregnant  rats  to  x^’lene  concentrations  of  approximately  0,  14,  53,  or  4^ 
m^m’  for  6  hr/da,  5  da/wk  from  gestation  days  1-21.  Their  results  differed  from 
in  previous  studies,  as  they  reported  a  significant  increase  in  postimplantation 
loss  and  delayed  ossification  along  with  inhibition  of  fetal  weight  gain  at  the  relatively 
low  dose  of  53  mg/m’.  Hood  and  Ottley  (32%).  in  an  extensive  review,  expressed 
reservations  about  the  health  of  the  test  r?ts  and 

about  other  aspects  of  this  study.  When  male  rats  were  exposed  to  mixed  xylenes  at 
2,175  mg/m’  for  at  least  131  days  premating  no  adverse  :ffects  were  noted  in  their 
offspring  (3808,  as  reported  in  32%). 


A  commercial  mixture  of  the  xylene  isomers  was  administered  by  gavage  to  mice 
at  dosages  of  0,  520,  1030,  2060,  2580,  3100  or  4130  mg/kg'day  on  days  6-15  of 
gestation  (794).  No  effects  were  observed  in  either  the  dams  or  fetuses  exposed  to  a 
level  of  1030  mg/kg/day  or  less.  At  exposures  of  2060  mg/kg/day  and  higher,  doses 
approaching  lethal  levels  in  the  dams,  fetal  weight  was  significantly  decreased  and  the 
average  percentage  of  malformed  fetuses  was  iiKreased;  cleft  palate  was  the  major 
malformation  noted  (794).  In  a  study  by  Nawrot  and  Staples  (3488),  CD-I  mice  were 
adminisered  by  gavage  meta-,  ortho-,  or  para-xylene  at  doses  of  0.3,  0.75,  or  1.00 
mg/kg  three  times  a  day  for  days  6-15  of  gestation.  Meta-xylene  earned  overt 
maternal  toxicity  and  a  significantly  increased  number  of  resorptions,  but  only  at  the 
high  dose.  These  effecu  and  an  increased  itKidence  of  cleft  palate  in  the  offspring 
were  noted  at  the  middle  and  high  doses  of  ortho-  and  para-xylene.  In  this  same 
paper  the  authors  report  of  subs^uent  studies  in  which  CD-I  mice  were  given  by 
gavage  0.75  or  1.00  mg/kg  meta-xylene  three  times  a  day  for  days  6-15  of  gestation. 
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No  overt  maternal  toxicity  was  observed  and  a  low  (4.4%  vs.  0.0%  in  vehicle 
controls)  but  statistically  significant  increase  in  cleft  palates  was  seen  in  the 
high  dcse  grc’jp.  The  suthor?  that  this  is  an  indication  of  a  weak  teratogenic 
response. 

21J.1.4  Other  Todoolofic  Effects 

Early  animal  experiments  indicated  xylene  induced  changes  in  the  blood  and 
bone  marrow.  These  older  findings  have  little  significance,  and  have  not  been 
reported  here,  because  the  xylene  used  at  that  time  was  contaminated  with  benzene 
and  other  hydrocarbons.  Recent  studies  strongly  support  the  conclusion  that 
uncontaminated  xylene  does  not  have  myelotoxic  effects  (599). 

213.1.4.1  Short-term  Toxicity 

Acute  exposure  to  xylene  primarily  affects  the  central  nervous  system.  No  signs 
of  CNS  impairment  were  observed  in  rats  and  mice  after  a  4-hour  exposure  to  vapor 
concentrations  ranging  from  510  to  800  ppm.  Animals  exposed  to  1350  ppm  for  2 
hours  exhibited  poor  coordination  which  disappeared  shortly  after  exposure  ceased. 
Higher  concentrations  of  xylene  (7000  ppm),  cause  initial  symptoms  of  excitement 
which  are  followed  by  depression  and  death  due  to  respiratory  paralysis  (70).  An 
LC„  value  of  500  ppm  *4  hr  and  an  oral  LD,*  value  of  4300  mg/kg  have  been 
repoited  for  rats  (47). 

Acute  liver  injury  was  found  in  guinea  pigs  who  were  administered  1  to  2  g 
xylene/kg  body  weight  intrapcritoneally  while  rats  exposed  to  vapor  concentrations 
ranging  from  1000  to  2000  ppm  for  4  hours  exhibited  hcpatotoxic  effects  which  were 
inferred  from  increased  serum  enzyme  activities  (70). 

Corneal  vacuoles  were  observed  in  cats  exposed  for  several  hours  to  xylene  vapor 
concentrations  that  were  just  sublethal.  The  vacuoles  disappeared  when  xylene 
exposure  was  discontinued  (.599,  19).  Two  drops  of  xylene  instilled  into  rabbits’  eyes 
pr^uced  slight  conjunctival  irritation  with  very  slight  but  transient,  comeal  injury  (19, 
599). 

Repeated  application  of  undiluted  xylene  to  rabbit  skin  produced  moderate 
irritation  and  necrosis  (12). 

213.1.43  Chrooic  Toxicity 

Studies  in  animals  indicate  that  xylene  has  a  relatively  low  toxicity  over  the 
long-term.  No  changes  were  found  in  rats,  guinea  pigs,  dogs  and  monkeys 
continuously  exposed  to  80  ppm  for  127  days,  nor  in  rau  exposed  to  700  ppm  for  130 
days  (70).  Aix)ther  investigator  reported  behavioral  changes  in  rats  exposed  by 
inhalation  to  300  ppm.  6  hours  a  day  for  5  to  18  weeks  (70).  Slight  inflammation, 
congestion  and  necrosis  of  the  kidney  tubules  were  found  in  rabbits  exposed  by 
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inhalation  to  700  ppm,  8  boun  daily,  6  days  per  week  for  130  days  (70).  Repeated 
exposure  of  rabbiu  to  1150  ppm  for  40  to  55  days  caused  a  reversible  decrease  in  red 
and  white  blood  cell  count  and  an  increase  in  platelets  (70). 

21  J.2  Human  and  Epidemiologic  Studies 

21A2.1  Short-term  Toakologic  Effects 

X^ne  has  narcotic  effects  on  the  central  nervous  system,  variable  effects  on  the 
liver  aiod  kidneys  and  irritant  effects  on  the  gastrointestinal  tract  (599). 

NIOSH  reports  one  incident  of  an  accidental  ingestion  of  a  'small  amount”  of 
paint  thinner  composed  of  xylene  (90%)  and  toluene.  Several  acetate  impurities  were 
also  present.  There  was  serological  evidence  of  toxic  hepatitis  but  the  victim 
recowred  within  20  days  (599). 

One  fatality  has  been  attributed  to  the  inhalation  of  xylene  vapors.  Murle>'  et  al. 

(617)  described  an  incident  in  which  3  painters  were  overcome  by  xylene  vapors;  the 
concentration  was  estimated  to  be  10,000  ppm.  It  is  not  known  how  long  it  took  the 
men  to  lose  consciousness  because  they  were  not  found  until  18J  hours  later.  An 
autopsy  conducted  on  one  worker  who  was  found  dead  revealed  pulmonary  edema, 
liver  congestion  and  brain  hemorrhages.  The  two  surviving  workers  suffered  from 
amnesia  and  hepatic  impairment;  one  had  evidence  of  temporary  renal  impairment. 
Both  recovered  within  2  days. 

Exposure  of  human  subjects  to  90  ppm  of  m-xylene  produced  impairment  of 
reaction  time,  manual  coordination  and  body  balance.  Although  tolerance  to  these 
effects  developed  over  one  work-week,  it  was  largely  lost  over  a  weekend  (17). 

Brief  exposure  to  200  ppm  causes  irritatioD  of  the  eyes,  nose  anj  throat  (38). 
Workers  exposed  to  concentrations  above  200  ppm  complained  of  nausea,  vomiting, 
abdominal  pain  and  loss  of  appetite  (9).  A  recent  report  noted  that  artists  as  well  as 
others  who  employ  felt-tip-marker  pens  for  extended  periods  of  time  in  enclosed 
rooms  may  develop  symptoms  of  nausea,  di^riness  and  headache  which  can  be 
attributed  to  xylene  exposure;  xylene  is  used  as  an  ink  solvent  in  these  products 

(618) . 

Xylenes  have  been  reported  to  cross  the  human  placenta  (43).  Incomplete  brain 
development  has  been  reported  in  children  whose  mothers  had  been  exposed  to 
xylene,  toluene  and  white  spirit  (59). 

Xylene  is  a  skin  irritant  and  causes  redness,  dryness  and  defatting.  Prolonged 
sldn  contact  may  cause  the  formation  of  vesicles  (46).  Absorption  of  liquid  xylene 
through  intact  skin  occurs  readily  and  has  been  estimated  to  occur  at  a  rate  of  4.5-9.6 
mg/sq.cm%r  (599). 
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An  accidental  splash  of  xylene  into  the  eye  causes  only  transient  superficial 
damage  with  rapid  recovery  (19).  Corneal  vacuoles  were  reported  in  workers  exposed 
to  'pr-ictically  pure*  xylene  vapors  (omcentration  unspecified)  for  2-3  days.  Recovery 
occurred  8  to  1 1  days  after  exposure  ceased.  Is  not  known  whether  this  effect  is 
totally  reversible  on  intermittent  exposure  or  whether  it  may  lead  to  permanent 
damage  (19,  599). 

2U.2J2  Chroaic  Toxioologic  Efiiectx 

The  effects  of  long-term  xylene  exposure  resemble  those  from  acute  exposure, 
but  are  more  severe.  Headache,  irritability,  fatigue,  digestive  disorders  and  sleep 
disorders  have  been  reported  (70).  Inhalation  of  high  concentrations  of  xylene  vapors 
may  produce  CNS  excitation,  followed  by  depression  and  characterized  by  paresthesia, 
tremors,  appreheiision,  impaired  memory,  weakness,  vertigo,  headache  and  anorexia 
(12).  No  bone  mai:ow  aplasia,  but  hyperplasia,  moderate  liver  enlargement,  necrosis 
and  nephrosis  may  occur  (12). 

2U3  Levck  of  Concern 

EPA  Health  Advisories  have  been  proposed  for  xylene  and  are  as  follows;  child, 

1  day,  10  day,  and  longer  term,  all  40  mg/L;  adult,  longer-term  and  lifetime,  10  mg/L 
(3805).  An  Oral  Reference  Dose  of  2000  /ig/kg/day  has  also  been  proposed  by  the 
EPA  (3277,  3879). 

Both  OSHA  (3539)  and  the  ACGIH  (3005)  have  set  an  occupational  exposure  8 
hr  -  TWA  of  100  ppm  (435  mg/m’)  for  xylene. 

213.4  Hazard  Assessment 

Data  on  the  effects  cf  long-term  human  exposure  to  xylene  arc  primarily 
high-level  occupational  inhalation  exposures  which  have  resulted  in  CNS  effects, 
incoordination,  nausea,  vomiting  and  abdominal  pain.  Short-term  inhalation  exposures 
are  associated  with  narcotic  effects  on  the  central  nervous  sytem.  Ingestion  data  are 
almost  completely  lacking. 

Studies  in  laboratory  animals  suggest  xylene  has  a  relatively  low  chronic  toxicity. 
Some  data  suggest  possible  kidney  and  liver  impairment  with  high  level  (>1000  ppm) 
inhalation  exposures.  An  NTP  bioassay  for  xylene  using  rats  and  mice  showed  no 
evidence  of  carcinogenicity.  Available  evidence  indicates  an  absence  of  mutagenic 
activity  for  xylene.  Teratogenicity  and  fetotoxiciiy  have  been  observed  in  laboratory 
animals,  frequently  these  effects  were  accompanied  by  maternal  toxicity. 

Although  human  experience  with  xylene  in  the  industrial  sector  provides  no 
indications  of  major  .health  concerns  associated  with  xylene  exposure,  the  reported 
developmental  toxicity  seen  in  animals  and  the  knowledge  that  xylenes  can  cross  the 
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human  placenta  is  sunkient  reason  for  concern  for  pregnant  women  who  are  exposed 
to  xylenes. 


21.4  SAMPLING  AND  ANALYSIS  OONSIDERATIONS 

Determinatiod  of  the  concentrations  of  xylenes  in  soil  and  water  requires 
collection  of  &  representative  Seld  sample  and  laboratory  analysis.  Due  to  the 
volctility  of  xylenes,  care  is  required  U)  prevent  losses  during  sample  collection  and 
storage.  Soil  and  water  sample  should  be  collected  in  airtight  containers  with  no 
headspace;  analysis  should  be  completed  within  14  days  of  sampling.  However,  recent 
studies  (3430)  show  large  losses  of  volatiles  from  soil  handling.  At  the  present,  the 
best  procedure  is  to  collect  the  needed  sample  in  an  EPA  VGA  vial,  seal  with  a  foil- 
lined  septum  cap,  and  analyze  the  entL'e  contents  in  the  vial  using  a  modified  purge 
and  trap  apparatus.  In  addition  to  the  targeted  samples,  quality  assurance  samples 
such  as  field  blanks,  duplicates,  and  spiked  matrices  should  be  included  in  the 
analytical  program. 

Xylenes  are  not  included  among  '.be  EPA-designated  priority  pollutants. 

However,  EPA  Methods  602,  624,  1624  (65),  8020  and  8240  (63)  would  be 
appropriate  methods  of  choice  for  the  analysis  of  xylenes  in  aqueous  samples.  An 
inert  gas  is  bubbled  through  the  aqueous  sample  in  a  purging  chamber  at  ambient 
temperature,  transferring  the  xylenes  from  the  aqueous  phase  to  the  vapor  phase  and 
onto  a  sorbent  trap.  The  trap  is  then  heated  and  backilushed  to  desorb  the  xylenes 
and  transfer  them  onto  a  gas  chromatographic  (GC)  column.  The  GC  column  is 
programmed  to  separate  the  volatile  organics;  xylenes  are  then  detected  with  a  photo¬ 
ionization  detector  (Method  602  and  8020)  or  a  mass  spectrometer  (Methods  624, 
1624,  and  8240).  Direct  injection  may  also  be  used  for  samples  containing  elevated 
concentrations. 

The  EPA  procedures  recommended  for  xylene  analysis  in  soil  and  waste  samples. 
Methods  8020  and  8240  (63),  differ  from  the  aqueous  procedures  primarily  in  the 
method  by  which  the  analyte  is  introduced  into  the  GC  The  recommended  method 
for  low  level  soils  (<1  mg/kg)  involves  dispersing  the  soil  or  waste  sample  in  water 
and  purging  in  a  heated  purge  and  trap  device.  Other  sample  introduction 
techniques  include  direct  injection  and  a  headspace  method. 

Xylene  detection  limits  for  most  methods  were  not  determined  but  would  be  in 
the  range  of  1-10  ^lffL  for  aqueous  samples  and  1-10  Mg/kg  for  non-aqueous  samples. 

Aqueous  Detection  Limits  Non-Aqueous  Detection  Limits 

5  figfL  (Method  8240)  5  (igfkg  (Method  8240) 

Total  Xylene  Total  Xylene 
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2M 


COMMON 

SYNONYMS: 

l-Hydraxy-2, 

4-dinieihylben2C')c 

2.4- Dimctl^phenoi 

2.4- Xylenol 
4,6-Dimethylphenol 
M-XylCiiol 


CAS  REG  NO.: 
105-67-9 
NIOSH  NO: 
ZE5600000 


STRUCTURE; 

H,C 


FORMULA: 

c^„o 


»■ 


AIR  W/V  CONVERSION 
FACTOR  at  25*C 
4.98  «  1  ppm; 

0.201  ppm  «  1  m^m^ 


MOLECULAR  WEIGHT: 
122.16 


Reactiotu  of  phenols  with  organic  peroxides  or 
hydroperoxide  stypically  generate  heat.  Those  with  alkali  or 
alkaline  earth  metals  or  nitrides  nay  produce  heat  and 
flammable  gases  while  reactions  with  azoor  diazo 
compounds,  or  hydrazines  may  evolve  heat  and  other  gases. 
Reactions  with  oxidizing  mineral  acids  or  other  strong 
oxidizers  may  result  in  heat  generation  and  fire,  while  those 
with  isocyanates,  epoxides,  or  polymerizable  compounds 
may  result  in  evolution  of  heatand  violent  polymerization 
reactions.  Contact  with  explosive  materials  may  cause  an 
explosion  (511). 


•  Physical  Stale:  Solid,  crystalline  (at  20“C) 

•  Color;  White 

•  Odor:  No  Data 

•  Odor  Threshold:  0.400  m%!L 

•  Density:  0.9650  g^mL  (at  20°) 

•  Freeze/'McIt  Point:  27.00°C 

•  Boiling  Pr.';.t:  210.00®C 

•  Flash  Point:  No  Data 

•  Flammable  Limits:  No  Data 
PHYSICO-  •  Autoignition  Temp.:  No  Data 
CHEMICAL  •  Vapor  Pressure:  6.70E-02  mm  Hg  (at  20*0) 

DATA  •  Satd.  Cone,  in  Air:  4.5000E+02  mg/m’ 

(at  2(rC) 

•  Solubility  in  Water;  1.48E-f03  mg/L  (at  20“C) 

•  Viscosity:  No  Data 

•  Surface  Tension:  No  Data 

•  Log  (Octanol- Water  Partition  Coeff.):  2.30 

•  Soil  Adsorp.  Coeff.;  9.60E+01 

•  Henry’s  Law  Const.;  6.70E-06  atm  •  m’/mol 
(at  20'C) 

•  Bioconc.  Factor;  9.5  (eslim),  150  (blucgill) 


(1219) 

(1219) 

(1219) 


(29) 

(652) 

(1219) 

(659,214) 


2,4-DIMEraYLPHENOL 


PERSISTENCE 
IN  THE  SOIL- 
WATER 
SYSTEM 


Fairly  mobile  in  soil-water  systems,  especially  in  aqueous 
phase.  Volatilization  throu^  air-Glled  pores  is  not 
significant  Chemical  is  resistant  to  hydrolysis;  it  may  be 
easily  biodegraded  in  wastewater  treatment  plants,  but 
biodegradation  in  natural  environments  may  be 
bsigiuficant  Chemical  may  thus  persist  for  months  to 
years. 


PATHWAYS 

The  primary  pathway  of  concern  from  a  soil-water 

OF 

system  is  the  migration  of  2,4-dimethyIphenol  to 
groundwater  drinking  water  supplies.  Inhalation  is  not 
expected  to  be  a  pathway  of  concern  for  this  compound. 

EXPOSURE 

Signs  and  Symptoms  of  Short-term  Human  Exposure: 


HEALTH 

HAZARD 

DATA 


No  reports  of  human  exposure  and  associated  effects 
were  found. 


Acute  Toxicity  Studies;  (3504) 
ORAL: 

LD,4  3200  mg/kg  Rat 

LDjo  809  mg/kg  Mouse 

SKIN: 

LDj,  1040  ir*/kg  Rat 

ne-Term  Effects:  No  data 


eonate  Data:  No  mammalian  data 


ata:  Liniited  data  are  negative 


Carcinogenicity  Classification: 
lARC  -  No  data 
NTF  -  No  data 
EPA  -  No  data 


HANDLING 

PRECAUTIONS 

(507) 


Handle  chemical  only  with  adequate  ventilation  •  There 
are  no  formal  guidelines  available  for  this  chemical  with 
respect  to  respirator  use.  If  necessary,  wear  appropriate 
NIOSH/MSHA-approved  respirator  •  Chemical  goggles 
if  there  is  a  probability  of  eye  contact  •  Appropriate 
clothing  and  chemical  resi.<?ant  gloves  to  prevent 
repeated  or  prolonged  skin  contact. 
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ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS  AND 

CRITERIA 


AIR  EXPOSURE  LIMITS: 

Standards 

•  OSHA  TWA  (8-hr);  none  established 

•  AFOSH  PEL  (8-hr  TWA):  none  established 

Criteria 

•  NIOSH  IDLH  (30-min):  none  established 

•  ACGIH  TLV®  (8-hr  "PVA):  none  established 

•  ACGIH  STEL  (15  min):  none  established 

WATER  EXPOSURE  LIMITS: 


Drinking  Water  Standards 
None  Established 

EPA  Health  Advisories  and  Cancer  Risk  Levels 
None  established 

WHO  Drinking  Water  Guideline 
None  established 

EPA  Ambient  Water  Quality  Criteria 

•  Human  Health  (353) 

•  Based  on  ingestion  cf  tcnfaminated  water  and  aquatic  organisms,  no 
criterion  established  due  to  insufficient  data.  Based  on  ingestion  of 
contaminated  aquatic  organisms  only,  no  criterion  established  due  to 
insufficient  data.  Based  on  organoleptic  data  only,  400  fig/L. 

•  Aquatic  Life  (355) 

Freshwater  species 
acute  toxicity: 

no  criterion,  but  lowest  effect  level  occurs  at  2120  /ig/L. 
chronic  toxicity: 

no  criterion  established  due  to  insufficient  data. 

-  Saltwater  species 
acute  toxicity: 

no  criterion  established  due  to  insufficient  data, 
chronic  toxicity: 

no  criterion  established  due  to  insufficient  data. 

REFERENCE  DOSES: 

No  reference  dose  available 
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REGULATORY  STATUS  (as  of  Cl-MAR-89) 


Federal  Progranu 

Ckaa  waitr  (Cwa) 

Dimethyipbenol  (Xylenol)  is  designated  a  hazardous  substance  under 
de  CWA.  It  has  a  reportable  quantity  (RQ)  of  454  kg  (347,  3764) 
2,j4-Diniethylpheuol  is  listed  as  a  toxic  pollutant,  subject  to  general 
pretreatment  regulations  for  new  and  existing  sources,  and  efCueni 
studards  and  guidelines  (351,  3763).  Effluent  limitations  specific  to 
tbiis  chemical  have  been  set  in  the  following  point  source  categories: 
eljectroplating  (3767),  organic  chemicals,  pigsties,  and  synthetic  fibers 
(3777),  steam  electric  power  generating  (3802),  metal  finishing  (3768), 
and  metal  molding  and  casting  (892).  Limitations  vary  depending  on 
tlK  type  of  plant  and  industry. 

Siife  Drinking  Water  Act  (SOW A) 

In  states  with  an  approved  Underground  Injection  Control  program,  a 
permit  is  required  for  the  injection  of  2,4-dimethylphenol-containing 
w^tes  designated  as  hazardous  under  RCRA  (295). 


Resource  Conservation  and  Recovery  Act  (RCRA) 
2,|4-Dimethylphenol  is  identified  as  a  toxic  hazardous  waste  (UlOl)  and 
listed  as  a  hazardous  waste  constituent  (3783,  3784).  Waste  streams 
from  the  following  industries  contain  2,4-dimethylphenol  and  are  listed 
aii  specific  sources  of  hazardous  waste:  wood  preservation  (creosote 
atid/or  pentachlorophenol  preserving  processes),  coking  operations,  and 
petroleum  refining  (3774,  3765).  2,4-Dimethylplienol  is  subject  to  land 
d^posal  restrictions  when  its  concentration  as  a  hazardous  constituent 
of  certain  wastewaters  exceeds  designated  levels  (3785).  Effective 
N^pvember  8,  1988,  the  land  disposal  of  certain  untreated  2,4-dimethyi- 
phenol-containing  hazardous  wastes  is  prohibited,  ’ifiese  wastes  must 
be  treated  according  to  Best  Demonstrated  Available  Technology 
(EDAT)  treatment  standards  before  being  disposed.  Certain  variances 
e^t  until  May,  1990  for  other  hazardous  wastes  for  which  BOAT 
treatment  standards  have  not  been  promulgated  by  EPA  (3786). 
2j4-Dimethylphenoi  is  on  EPA’s  ground-water  monitoring  list.  EPA 
n^uires  that  all  hazardous  waste  treatment,  storage,  and  disposal 
facilities  monitor  their  ground-water  for  chemicals  on  this  list  when 
suspected  contamination  is  first  detected  and  annually  thereafter 
($775). 
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Comprehensive  Environmental  Restwme.  Coirgcnsation  and  Liability 
Ad  (CERCLA) 

2,4-Dimetbylpheool  is  designated  a  hazardous  substance  under 
CERCLA  It  has  a  reportable  quanti^  (RQ)  bniit  of  45.4  kg. 
Reportable  quantities  have  also  been  issued  for  RCRA  hazardous 
waste  streams  containing  2,4-dimethylpheool  but  th-^se  depend  upon 
the  concentration  of  the  chemicals  present  in  the  waste  stream  (3766). 
Under  SARA  Title  m  Section  313,  manufacturers,  processors, 
importers,  and  usen  of  2,4-dimethyl-  phenol  must  report  annually  to 
EPA  and  state  officials  t^ir  releases  of  this  chemical  to  the 
environment  (3787). 

Food.  Drug  and  Cosmetic  Act  (FDCA) 

The  level  for  phenols  in  bottled  drinking  water  is  0.001  mg/L  (365). 

Hazardous  Materials  Transportation  Act  (HMTA) 

The  Department  of  Transportation  has  designated  2,4-dimethy!pheno! 
as  a  hazardous  material  with  a  reportable  quantity  of  45.4  kg,  subject 
to  requirements  for  packaging,  labeling  and  transportation  (3180). 

•  State  Water  PrograiM 
ALL  STATES 

All  states  have  adopted  EPA  Ambient  Water  Quality  Criteria  and 
NPDWRs  (see  Water  Exposure  Limits  section)  as  their  promulgated 
state  regulations,  either  by  narrative  reference  or  by  relisting  the 
specific  numeric  criteria.  These  states  have  promulgated  additional  or 
more  stringent  criteria. 

ARIZONA 

Arizona  has  a  water  quality  criterion  of  5  ttg/L  for  phenolics  in  all 
public  waters  (3827). 

DISTRICT  OF  COLUMBIA 

The  District  of  Columbia  has  a  human  health  criterion  of  400  /ig/L 
for  public  water  supply  (class  D)  surface  waters  and  200  ng/L  for  class 
C  surface  waters  (3828,  3S27). 

FLORIDA 

Florida  has  water  quality  criterion  for  phenoi’C  compounds  of  1  ngfL 
for  general  use  surface  waters,  and  0.2  mg,L  for  Class  V  (navigation, 
industrial  use)  surface  waters  (3220). 

ILLINOIS 

Illinois  has  a  water  quality  standard  for  phenols  of  100  /ig/L  for 
general  use  waters,  1  /ig/L  for  public  and  food  p.  :>'.e',sing  water 
supplies,  and  300  /ig/L  for  aquatic  life  waters  (3371,  3827). 
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CSPIMA 

Indiana  has  set  the  following  surface  water  quality  criteria  for  phenols 
and  phenolic  compounds:  10  ng/L  for  the  Ohio  River  and  Wabash 
River,  300  ng/L  (daily  maximum)  for  Lake  Michigan  and  contiguous 
harbor  areas,  and  10  ngfL  for  the  Grand  Calumet  River  and  Indiana 
Harbor  (3827). 

IQWA 

Iowa  has  a  surface  water  quality  standard  of  50  ngfL  for  phenolic 
compounds  in  Qass  B  and  C  surface  waters  (3327). 

KANSAS 

Kansas  has  an  action  level  for  2,4-dimethylphenol  of  400  ^g/L  for 
ground-water  (3213). 


Kentucky  has  a  surface  water  quality  criterion  of  5  lig/L  for  phenolic 
compounds  in  warm  and  coldwater  aquatic  habitats  (3827). 


Louisiana  has  water  quality  criteria  for  phenols  of  5  ng/L  for  drinking 
water  supply  waters,  440  fig/L  for  marine  surface  waters,  and  50  fig/L 
for  fresh  surface  waters  (3^). 

MINNESOTA 

Minnesota  has  surface  water  quality  criterion  of  10  ng/L  for  phenols  in 
Fisheries  and  Recreation  waters  (3827). 


Mississippi  requires  that  the  level  of  phenolic  compounds  in  the  public 
water  supply  not  exceed  1  ng/L  (3684).  Mississippi  also  has  a  surface 
water  quality  standard  of  50  /ig/L  for  phenolic  compounds  for  fish  and 
wildlife  protection  (3684). 

NEVADA 

Nevada  has  a  water  quality  criterion  for  phenolics  of  1  ng/L  for  all 
surface  waters  (3827). 

NEW  HAMPSHIRE 

New  Hampshire  has  a  drinking  water  standard  of  1  for  phenols 
(3710).  New  Hampshire  also  has  a  surface  water  quality  standard  of  1 
pg/L  for  Qass  A  and  B  waters  and  2  fig/L  for  Qass  C  waters  (3684). 

NEW  JERSEY 

New  Jersey  sets  the  maximum  concentration  levels  for  phenols  in  the 
Delaware  River  and  Bay  at  the  following  levels:  5  ng/L  for  Zones  1,  2 
and  3,  20  fig/L  for  Zone  4,  and  10  yg/L  for  Zones  5  and  6.  These 
are  maximum  levels  that  ’^pply  unless  exceeded  due  to  natural 
conditions  (3498). 
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NEW  YORK 

New  York  has  an  ambient  water  quality  standard  for  aquatic  life  of  5 
^g/L  for  total  unchlorinated  phenols  for  all  freshwater  classes  of 
surface  waters  (3500).  New  York  has  also  set  an  MQ-  of  5  ng/L  for 

2,4-dimethylphenol  in  drinking  water  and  a  water  quality  standard  of  1 
figfL  for  phenol  and  phenolic  compounds  in  ground-water  and  surface 
water  classed  for  drinking  water  supply  (3501). 

NORTH  CAROLINA 

North  Carolina  has  a  water  quality  standard  of  1  ngfL  for  phenolic 
compounds  in  Class  WS-I,  WS  H,  and  WS-HI  surface  waters  (3681). 

OHIO 

Ohio  has  a  surface  water  quality  standard  for  phenolic  compounds  of 
1  fig/L  for  Lake  Erie  Use  waters,  public  water  supply  waters,  aquatic 
life  habitat  coldwaters  and  exceptional  warmwaters,  and  10  ng/L  for 
aquatic  life  habitat  warmwaters  (3827). 

OKLAHOMA 

Oklahoma  has  set  an  unenforceable  Toxic  Substance  Goal  of  55.5  ng/L 
for  public  and  private  water  supply  surface  waters  (3534). 

OREGON 

Oregon  has  a  surface  water  quality  criterion  of  1  fig/L  for  phenols  in 
all  surface  waters  (3827). 

PENNSYLVANIA 

Pennsylvania  has  a  human  health  criterion  for  total  phenolics  of  5  ^gL 
measured  in  surface  waters  at  the  point  of  water  supply  intake  (3561). 
Pennsylvania  also  has  a  human  health  criterion  of  4(X)  ^g/L  for 

2,4-dimethylphenol  in  surface  water  (3561). 

RHODE  ISLAND 

Rhode  Island  has  an  acute  freshwater  quality  guideline  of  106  ng/L 
and  a  chronic  guideline  of  2.4  for  surface  waters  for  the  pro¬ 
tection  of  aquatic  life.  These  guideline?,  are  enforceable  under  Rhode 
Island  state  law  (3590). 

TENNESSEE 

Tennessee  sets  an  effluent  limitation  of  1.0  mg/L  for  phenols  in 
effluent  from  industrial  wastewater  treatment  plants  (3827). 
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ymorniA 

Virginia  has  a  water  quality  criterion  for  phenols  of  1  ng/L  for 
ground-water  and  Public  Water  Supply  surface  waten,  and  a  chronic 
criterion  for  the  protection  of  aquatic  life  of  1  ng/L  for  phenol  in 
surface  water  (3135,  3827). 


West  Virginia  sets  0.001  mg/L  as  the  maximum  concentration  secondary 
contaminant  level  for  phenols  in  drirking  water  in  the  community 
public  water  systems  (3576). 


Wisconsin  has  a  taste  and  odor  criterion  threshold  concentration  of  400 
jig/L  for  2,4-dimethylphenoI  in  surface  waters  (3841). 


•  Federal  Programs 

No  proposed  federal  regulations  are  pending. 

•  State  Water  Programs 

MOST  STATES 

Most  states  are  in  the  process  of  revising  their  water  programs  and 
proposing  changes  in  their  regulations  which  will  follow  EPA’s  changes 
when  they  become  final.  Contact  with  state  officers  is  advised. 

Changes  are  projected  for  1989-90  (3683). 

IOWA 

Iowa  has  proposed  acute  criteria  for  phenols  of  50  tig/L  for  Qass  C 
surface  waters,  1000  ng/L  for  Qass  B  cold  surface  waters,  and  2500 
Hg/L  for  Qass  B  warm  surface  waters,  and  a  chronic  criterion  of  50 
fig/l.  for  all  Class  B  surface  waters.  These  criteria  are  for  the 
protection  of  aquatic  life  (.3326). 


Minnesota  has  proposed  a  Sensitive  Acute  Limit  (SAL)  of  530  ^xg/L 
and  a  chronic  criterion  of  12  tig/L  for  2,4-dimethylphenol  in 
designated  surface  waters  for  the  protection  of  human  health  (3452). 
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Directive  on  Drinking  Water  (533) 

Tbe  maadatoiy  values  for  phenols  in  surface  water  treatment  categories 
Al,  A2  and  A3  used  or  intended  for  abstraction  of  drinldng  water  are 
0.001,  and  0.005,  and  0.1  mg/L,  respectively.  Guideline  values  for 
phenols  under  treatment  categories  A2  and  A3  are  0.001  and  0.01 
mg/L,  respectively.  No  guideline  value  is  given  for  treatment  category 
Al. 


The  maximum  admissible  concentration  for  phenols  (phenol  index)  is 
0.5  /ig/L.  Excluded  from  this  category  are  natural  phenols  which  do 
not  react  to  chlorine.  No  guideline  levels  for  phenol?  are  given. 

Directive  on  Ground-Water  (538) 

Direct  and  indirect  discharge  into  ground-water  of  substances  which 
have  a  deleterious  effect  on  the  taste  and/or  odor  of  ground-water,  and 
corn-pounds  liable  to  cause  the  formation  of  such  substances  in  ground- 
water  and  to  render  it  unfit  for  human  consumption  shall  be  subject  to 
prior  review  so  as  to  limit  such  discharges. 

Directive  on  Bathing  Water  Quality  (534) 

Mandatory  values  for  phenols  (phenol  indices)  in  bathing  water  are: 

(1)  no  sp«ific  odor  and  (2)  concentrations  i0.05  mg/L  Guideline 
values  for  phenob  suggest  concentrations  <0.005  mgL. 

Directive  on  Fishing  Water  Quality  (536) 

Phenolic  compounds  in  both  salmonid  and  cyprinid  waters  must  not  be 
present  in  such  concentrations  that  they  adversely  affect  fish  flavor. 

Directive  on  the  Quality  Required  of  SheUfish  Waters  (537) 

The  mandatory  specifications  for  substances  affecting  the  taste  of 
shellfish  require  that  their  concentrations  be  lower  than  that  liable  to 
impair  the  taste  oi  the  shellfish. 

Directive  on  the  Discharge  of  Dangerous  Substances  (535) 
Organohalogens,  carcinogens  or  substances  which  have  a  deleterious 
effect  on  the  taste  and/or  odor  of  human  food  derived  from  aquatic 
environments  cannot  be  discharged  into  inland  surface  waters, 
territorial  waters  or  internal  coastal  waters  without  prior  authorization 
from  member  countries  which  issue  emission  standards.  A  system  of 
zero-emission  applies  to  discharge  of  these  substances  into  ground¬ 
water. 
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Direct  discharge  into  ground-water  (i.e.,  without  percolation  through 
the  ground  or  tul»oil)  of  organohalogen  compounds  and  substances 
«diich  may  form  such  compounds  in  the  aquatic  environment, 
substances  which  possess  carcinogenic,  mutagenic  or  teratogenic 
properties  in  or  via  the  aquatic  environment,  and  mineral  oils  and 
hydrocarbons  b  prohibited.  Appropriate  measures  deemed  necessary  to 
prevent  indirect  discharge  into  ground-water  (i.e.,  via  percolation 
through  ground  or  subsoil)  of  these  substances  shall  be  taken  by 
member  countries. 


Any  iiutallation,  establishment,  or  undertaking  which  produces,  holds 
and/or  dbposes  of  certain  toxic  and  dangerous  wastes  including  phenols 
and  phenol  compounds;  organic-halogen  compounds,  excluding  inert 
poly-meric  materials  and  other  substances  referred  to  in  thb  Ibt  or 
covered  by  other  Directives  concerning  the  disposal  of  toxic  and 
dangerous  waste;  chlorinated  solvents;  organic  solvents;  biocides  and 
phyto-  pharmaceutical  substances;  ethers  and  aromatic  polycyclic 
compounds  ^with  carcinogenic  effects)  shall  keep  a  record  of  the 
quantity,  nature,  physical  and  chemical  characteristics  and  origin  of 
such  waste,  and  of  the  methods  and  sites  used  for  deposing  of  such 
waste. 


Substances  (787) 

2,4-Dimethylphenol  b  classified  as  a  toxic  substance  and  b  subject  to 
packaging  and  labeling  regulations. 
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22.1  MAJOR  USES 

The  compound,  2,4-dimethyIphenol,  is  a  naturally-occurring,  substituted  phenol 
derived  from  the  cresol  fraction  of  petroleum  or  coal  tan.  It  is  one  of  5  isomers  of 
dimethylphenol.  No  direct  commercial  applications  presently  exist  for  2,4-dimethyl- 
phenol,  but  it  is  used  commercially  in  the  manufacture  of  a  wide  range  of  products 
for  industry  and  agriculture.  These  include  phenolic  antioxidants,  disinfectants, 
solvents,  pharmaceuticals,  insecticides,  plasticizen,  rubber  chemicals,  polyphenylene 
oxide,  wetting  agents  and  dyestuffs  (214). 


222  ENVIRONMENTAL  FATE  AND  EXPOSURE  PATHWAYS 

222.1  Transport  in  Sotl/Ground-water  Systems 

222.1.1  Overview 

The  2,4-isomer  of  dimethylphenol  may  move  through  the  soil/ground-water 
system  when  present  at  low  concentrations  (dissolved  in  water  and  sorbed  on  soil)  or 
as  a  separate  organic  phase  (resulting  from  a  spill  of  significant  quantities  of  the 
chemical).  In  general,  transport  pathwa)^  of  low  soil  concentrations  can  be  assessed 
by  estimating  equilibrium  partitioning  as  shown  in  Table  22-1.  These  calculations 
predict  partitioning  of  2,4^imethylphenol  among  soil  particles,  soil  water  and  soil  air. 
The  2,4-dimethylphenol  associated  with  the  water  and  air  phases  of  the  soil  is  more 
mobile  than  the  adsorbed  portion. 

The  estimates  for  the  unsaturated  topsoil  model  indicate  that  nearly  all  of  the 
chemical  (95%)  would  be  associated  with  the  soil  particles.  Most  of  the  remainder 
(5%)  is  predicted  to  be  present  in  the  soil-water  phase  and  can  thus  migrate  by  bulk 
transport  (e.g.,  the  downward  movement  of  infiltrating  water),  dispersion  and  dif¬ 
fusion.  For  the  small  portion  of  2,4-dimethylphenol  in  the  gaseous  phase  of  the  soil 
(0.0004%),  diffusion  through  the  soil-air  pores  up  to  the  ground  surface,  and  sub¬ 
sequent  removal  by  wind,  will  be  possible. 

In  saturated,  deep  soils  (containing  no  soil  air  and  negligible  soil  organic  carbon), 
a  much  higher  fraction  of  the  2,4-dimethylphenol  (71%)  is  likely  to  be  present  in  the 
soil-water  pha.se  (Table  22-1)  and  transported  with  flowing  ground  water. 

The  2.4-isomer  of  dimethylphenol  is  a  weak  acid  (pK,  =  10.6)  which  will 
dis.sociate  slightly  in  natural  waters  with  elevated  pHs  (e.g.,  7-9).  Under  most 
conditions,  however,  the  chemical  will  be  in  its  neutral,  non-ionized  form.  The 
phenolic  group  can  form  complexes  with  dis.solved  metal  cations,  and  this  may 
influence  environmental  fate  and  transport  in  wa>'s  not  applicable  to  other 
non-reacting  organic  compounds. 
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TABLE  22-1 

EQUnJBRIUM  PARimONING  CALCULATIONS  FOR  2,4-DIMErHYLPHENOL 

IN  MODEL  ENVIRONMENTS* 


Soil  Estimated  Percent  of  Total  Mass  of  Chemical  in  Each  Compartment 


Environment 

Soil 

Soil-Water 

Soil-Air 

Unsaturated 
topsoil^* 
at  2(rC 

94.8 

5.1 

0.0004 

Saturated 

deep  soil^ 

28.7 

7U 

- 

a)  Calculations  based  on  Mackay’s  equilibrium  partitioning  model  (34,  3S,  36);  see 
Introduction  for  description  of  model  and  environmental  conditions  chosen  to 
represent  an  unsaturated  topsoil  and  saturated  deep  soil.  Calculated  percentages 
should  be  considered  as  rough  estimates  and  used  only  for  general  guidance. 

b)  Utilized  estimated  soil  sorption  cocfTicicnt:  K_  =»  96.  (Estimated  by  Arthur  D. 
Little,  Inc.) 

c)  Henry’s  law  constant  taken  as  6.7E-06  atm-m’/moi  at  20®C.  (Estimated  by  Arthur 
D.  Little,  l  ie.) 

d)  Used  sorption  coefficient  (K,)  calculated  as  a  function  of  K,.  assuming  0.1% 
organic  carbon:  K,  =  0.001  x 


22JL1.2  Sorption  on  Soils 

The  mobility  of  2,4-dimethylphenol  in  the  soil/ground-water  system  (and  its 
eventual  migration  into  aquifers)  is  strongly  affected  by  the  extent  of  its  sorption  on 
soil  particles.  In  general,  sorption  on  soib  is  expected  to: 

increase  with  increasing  soil  organic  matter  content; 
increase  slightly  with  decreasing  temperature; 
iiKreasc  moderately  with  increasing  salinity  of  the  soil  water;  and 
decrease  moderately  with  increasing  dissolved  organic  matter  content  of 
the  soil  water. 

Based  upon  its  octanol-water  partition  coefficient  of  200,  the  soil  sorption 
coefficient  (K„)  is  estimated  to  be  96.  This  is  a  relatively  low  number  indicative  of 
weak  sorption  to  soils.  However,  this  conclusion  is  based  upon  the  assumption  that 
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the  cbeoucal  acts  as  a  neutral  species.  As  mentioned  above,  the  phenolic  group  can 
complex  with  other  cations  and  any  such  complexation  could  significantly  alter  the 
sorption  properties  of  the  chemical  in  unpredictable  ways. 

22.2.13  Volatilizatioo  from  .Sods 

Transport  of  2,4-dimethylphenol  vi,pors  through  the  air-filled  pores  of  unsatu¬ 
rated  soils  is  not  expected  to  be  an  important  transport  mechanism  because  of  the 
chemical's  low  vapor  pressure  and  relatively  high  water  solubility  (which  allows  it  to 
be  carried  down  with  infiltrating  water). 

22  2  2  Transformatioa  Processes  in  SoS/Gruund-water  Systems 

The  persistence  of  24-dimethylphenol  in  soil/ground-water  systems  has  not  been 
studied.  In  most  cases,  it  should  be  assumed  that  the  chemical  will  persist  for  months 
to  years. 

2,4-Dimethylphenol  under  normal  environmental  conditions  is  not  expected  to 
undergo  hydrolysis  (10.33).  The  possibility  of  aqueous  phase  oxidation,  catalyzed  by 
certain  dissolved  metals  such  as  copper  o'  iron,  has  been  raised,  but  there  is  no 
evidence  that  such  reactions  occur  under  normal  environmental  conditions  (10). 

2,4-Dimethylphenol  is  likely  to  be  easily  biodegraded  in  biological  wastewater 
treatment  plants  based  on  data  reported  by  Callahan  et  al.  (10)  and  Takak  et  ai.  (55). 
However,  other  data  indicate  that  biodegradation  in  natural  environments  (e.g.,  rivers, 
soil/ground-water  systems)  may  not  occur  at  environmentally-significant  rates  (10).  In 
most  soil/ground-water  systems,  the  concentration  of  microorganisms  capable  of 
biodegrading  chemicals  such  as  2,4-dimethylphenol  is  very  low  and  drops  off  sharply 
with  increasing  depth.  Thus,  biodegradation  in  the  soil/ground-water  sj’stem  should 
be  assumed  to  be  of  minimal  importance  except,  perhaps,  in  landfills  with  active 
microbiological  populations. 

2233  Primary  Routes  uf  Exposure  From  Soil/GTOund-wster  Systems 

The  above  discussion  of  fate  pathways  suggests  that  the  volatility  of  2,4-dimethyl¬ 
phenol  from  aqueoas  solutions  is  low,  it  is  weakly  adsorbed  by  soil  and  has  a  low 
potential  for  bioaccumulation.  The  portion  of  the  compound  not  adsorbed  will  be 
mo  jile  in  ground  water. 

The  potential  for  ground  water  contamination  is  high,  paitlcularly  in  sandy  soil. 
Mi.re  (83)  reported  that  2,4-dimethylphenol  was  found  at  3  of  the  546  National 
Priority  List  (NPL)  sites  It  was  detected  at  one  site  in  ground  water  and  3  sites  in 
surface  water.  There  was  no  available  monitoring  daia  for  2,4-dimcthylphenol  in 
drinking  water  supplies.  There  is,  however,  a  potential  for  exposure  through  drinking 
water  ingestion  from  gro’ind  water  if  supplies  are  contaminated. 
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Because  2,4.dimethyIphepoi  has  the  potential  for  movement  in  soil/ground-water 
systems,  this  compound  may  eventually  reach  surface  waters  by  this  mechanism, 
suggesting  several  other  exposure  pathways: 

•  Surface  waters  may  be  used  as  drinking  water  supplies,  resulting  in  direct 
ingestion  exposure; 

•  Aquatic  organisms  residing  in  these  waters  may  be  consumed,  also 
resulting  in  ingestion  exposures  through  bioaccumulation; 

.  •  Recreational  use  of  these  waters  may  result  in  dermal  exposures; 

•  Domestic  animals  may  consume  or  be  dermally  exposed  to  contaminated 
ground  or  surface  waters;  the  consumption  of  meats  and  poultry  could 
then  result  in  ingestion  exposures. 

In  general,  exposures  associated  with  surface  water  contamination  can  be  ex¬ 
pected  to  be  lower  than  exposure  from  drinking  contaminated  ground  water  for  two 
reasons.  Frst,  surface  waten  can  provide  a  greater  dilution  volume.  Secondly,  the 
bioconcentration  factor  for  this  compound  is  expected  to  be  low,  suggesting  limited 
bioaccumulation  in  aquatic  organisms  or  domestic  animals. 

222.4  Other  Sources  of  Exposure 

There  is  a  lack  of  data  on  the  occurrence  of  24-dimethylphenol  in  finished  water 
supplies  or  in  ambient  air.  2,4-Dimethylphenol  has  been  detected  in  industrial 
effluents  (587).  Discharge  of  contaminated  effluents  near  drinking  water  intakes  in 
surface  water  could  potentially  result  in  ingestion  exposure. 

223  HUMAN  HEALTH  CXlNSEDERATfONS 

223.1  Animal  Studies 

223.1.1  Cardnogenidty 

Boutwell  and  Bosch  (588)  reported  that  24-dimethylphenol  produced  papillomas 
and  carcinomas  on  the  skin  of  tumor-susceptible  female  Sutter  mice.  It  should  be 
noted,  however,  that  the  24-dimethy!phenol  was  applied  as  a  10%  solution  in 
benzene  and  that  the  mice  were  hou^  in  cages  treated  with  creosote,  both  known 
carcinogens.  These  investigators  (388)  also  evaluated  the  ability  of  24-dimethyl- 
phencl  to  promote  the  appearance  of  tumors  after  a  single  application  of  the  carcino¬ 
gen,  dimethylbenzanthracene.  Five  milligrams  of  24-dimethylphenol  in  benzene 
applied  tv/ice  a  week  elicited  a  carcinogenic  response  in  18%  of  the  mice  at  23 
weeks.  Again,  the  use  of  benzene  as  the  solvent  confounds  interpretation  of  this 
study. 
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223.12  Genotoxidty 

2,4-Dinethylphenol  was  observed  to  have  no  effect  in  the  Salmonella/microsome 
assay  (3469,  3j69)  and  did  not  induce  sister  chromatid  exchanges  above  control  levels 
in  human  lymphocytes  treated  in  vitro  (3336). 

2Z3.13  Teratogenicity,  Embryotozidty  »nd  Reproductive  Effects 

The  only  study  relating  to  the  teratogenicity  of  the  agent  is  provided  by  Hol¬ 
combe  et  al.  (3295)  in  an  investigation  on  the  effects  of  2,4-dichlorophenol  on 
embryonic,  larval,  and  early  juvenile  fathead  minnows.  Embryos  less  than  24  hours 
old  were  exposed  to  900,  1,360,  1,970,  3,110,  or  5,130  /ig/L  of  this  chemical  with 
exposure  continuing  through  the  4th  week  after  hatching.  Survival  was  significantly 
reduced  by  exposure  to  5,130  but  growth,  a  more  sensitive  indicator  of  effect, 
was  significantly  reduced  at  both  3,110  and  5,130  /ig/L 

223.1.4  Other  Toxicoiogic  Effects 

223.1.4.1  Short-term  Toxicity 

The  effects  of  acute  ad.ninUtration  of  2.4-dimethylphenol  have  been  examined  in 
mice,  rau  and  rabbits.  Ten  percent  solutions  in  oil  (unspecified)  were  administered 
by  intubation  to  rats  and  mice.  In  general,  dimethylphenols  were  less  toxic  than 
phenol  und  melhylphenols  in  mice;  2.4-dimethylphenol  was  less  toxic  to  rats.  The 
oral  LD„  values  for  2.4-dimethylphenol  were  809  m^g  in  mice  and  3200  mg/kg  in 
rats  (214).  No  appreciable  toxic  effects  were  seen  in  rabbits  following  doses  of 
273-425  mgicg;  the  route  of  administration  was  not  specified  (213).  Topical  ad¬ 
ministration  has  been  shown  to  be  lethal  to  mice  at  5600  mg/kg;  an  LDy,  value  of 
1040  mg/kg  was  recorded  for  rats  (47,  213).  Tested  by  application  of  a  drop  into 
rabbit  eyes,  the  3.5-isomer  caased  severe  and  presumably  permanent  injury  (19), 

Bruze  (3088)  denonstrated  that  2.4-dimethylphcnol,  when  used  as  a  rechallenge  agent 
in  the  guinea  pig  maximization  test,  was  able  to  elicit  a  response  in  animals  sensitized 
to  2-methylol  phenol,  thus  showing  cross-reactivity.  No  inhalation  studies  of 

2,4-dimcthylphenol  have  been  conducted.  Other  dimethylphenol  isomers  produce 
difficult  respiration,  disturbance  of  motor  coordination  and  development  of  spasms 
with  acute  inhalation  exposures  (214). 

223.1.43  Qiroaic  Toxicity 

No  long-term  toxicity  studies  of  2,4-dimethyiphenol  have  been  conducted. 
However,  the  2.6-  and  3,4-isomer5  of  dimethylphenol  were  evaluated  in  a  10-week 
study  with  male  rats  give.i  oral  doses  of  29.5  mg/kg  26-dimethyphenol  or  72.5  mg/kg 
of  3.4-dimethylphenol.  The  dosing  regimen  was  not  indicated.  Animals  treated  with 
the  2,6-isomer  exhibited  a  depressed  body  weight  gain  and  increased  organ  to  body 
weight  ratios  for  the  liver  and  spleen.  Rats  treated  with  the  3,4-isomer  exhibited  the 
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tame  effects  plus  an  increase  in  the  organ  to  body  weight  ratios  for  the  heart  and 
lungs.  Cellular  changes  in  the  liver  were  observed  in  both  groups.  No  hematological 
changes  were  observ^  (589). 

2232  Human  and  Fpkkaniffcgic  Studies 

No  reports  of  human  toxicity  were  found  in  the  literature.  It  is  unlikely  that  any 
segment  of  the  population  is  exposed  to  this  compound  alone.  Many  workers  are 
eqxjsed  by  inhalation  to  commercial  degreasing  agents  which  contain  methylphenols 
and  dimethylphenols;  however,  no  adverse  effects  have  been  reported.  Since 
2,4.dimethylphenol  has  been  identified  in  cigarette  and  marijuana  smoke,  smokers  and 
those  exposed  to  smoke  may  be  at  risk  (214). 

22333  Levels  of  Concern 

The  USEPA  (355)  has  not  established  an  ambient  water  quality  criterion  for  the 
protection  of  human  health  for  2,4-dimethylphenol  due  to  the  insufficiency  of 
available  data;  a  criterion  of  400  /xg/L  is  suggested  by  the  USEPA  on  an  organoleptic 
basis  (355). 

2233.4  Hazard  Assessment 

Nominally,  2,4-dimethylphenol  is  a  cocarcinogen.  Assessment  of  positive  findings 
in  skin-painting  and  tumor-promotion  studies  conducted  with  2,4-dimethylphenol, 
however,  are  confounded  by  the  use  of  benzene  as  the  vehicle  for  compound  admin¬ 
istration  and  concomitant  exposure  to  creosote.  The  impact,  if  any,  that  these  two 
carcinogens  exerted  on  the  test  results  for  2,4-dimethylphenol  is  uncertain.  The  lack 
of  sufficient  genotoxic.  reproductive  and  long-term  exposure  data  for  this  compound 
further  complicates  an  assessment  of  the  human  health  hazards  associated  with  ex¬ 
posure  to  2,4-dimclhylphenol.  In  view  of  the  paucity  of  available  health  effects  data, 
an  assessment  of  hazard  associated  with  exposure  to  2,4-dimethylphenol  cannot  be 
made  with  any  degree  of  confidence  at  this  time. 


22.4  SAMPLING  AND  ANALYSIS  CONSIDERATIONS 

Determination  of  Z4-dimcthyIphenol  concentrations  in  soil  and  water  requires 
collection  of  a  representative  field  sample  and  laboratory  analysis.  Care  is  required  to 
prevent  losses  during  sample  collection  and  storage.  Soil  and  water  samples  should 
be  collected  in  glass  containers;  extraction  of  samples  should  be  completed  within  7 
days  of  sample  and  analysis  completed  within  40  days.  In  addition  to  the  targeted 
samples,  quality  control  samples  such  as  field  blanks,  duplicates,  and  spiked  matrices 
may  be  speciPed  in  the  recommended  methods. 

EPA-approved  procedures  for  the  analysis  of  2,4-dimethylphenol,  one  of  the 
EPA  priority  pollutants,  in  aqueous  samples  include  EPA  Methods  604,  o25,  and  1625 
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(65),  8040  and  8250  (63).  Prior  to  analysis,  samples  are  extracted  with  methylene 
chloride  as  a  solvent  using  a  separatory  funnel  or  a  continuous  liquid-liquid  extractor. 
Methods  604  and  8040  also  describe  perOuorobemrylbromide  (PFB)  derivatization  of 
the  sample  extract  and  additional  clean-up  procedures  if  interferences  are  present  in 
the  sample  matrix.  An  aliquot  of  the  concentrated  sample  extract  or  derivative  is 
then  injected  onto  a  gas  chromatographic  (GC)  column  using  a  solvent  flush  tech¬ 
nique.  The  GC  column  is  programmed  to  separate  the  semi-volatile  organics;  2,4- 
dimethy'phenol  is  then  detected  with  a  flame  ionization  detector  (Methods  604  and 
8040  without  derivatization),  as  its  PFB  derivative  with  an  electron  capture  detector 
(Methods  604  and  8040  with  derivatization)  or  a  mass  spectrometer  (Methods  625 
and  1625). 

The  EPA  procedures  recommended  for  2,4-dimethylphenol  anal>sis  in  soil  and 
waste  samples,  Methods  8040  and  8250  (63),  differ  from  the  aqueous  procedures 
primarily  in  the  preparation  of  the  sample  extract.  Solid  samples  are  extracted  using 
either  soxhiet  extraction  or  sonication  methods.  Neat  and  diluted  organic  liquids  may 
be  analyzed  by  direct  injection. 

Typical  2,4-dimethylphenol  detection  limits  that  can  be  obtained  in  wastewaters 
and  non-aqueous  samples  (wastes,  soils,  etc.)  are  shown  below.  The  actual  detection 
limit  achieved  in  a  given  analysis  will  vary  with  instrument  sensitivity  and  matrix 
effects. 


Aqueous  Detection  Limit 

0.32  (Method  604) 

2.7  ngfL  (Method  625) 

10  ng/L  (Method  1625) 

3.2  ngfL  (Method  8040  without 
derivatization) 

6.3  (Method  8040  with 
derivatization) 

27  ngfL  (Method  8250) 


Non-Aoueous  Detection  Limit 

1  Mg-^g  (Method  8250) 

0.2  ngjg  (Method  8040  without 
derivatization) 

0.4  ngjg  (Method  8040  with 
derivatization) 

1.8  ngjg  (Method  8250) 
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2,6-DINITRCrrOLUENE 


COMMON 

SYNONYMS: 

2,6-Dinitro(oluene 

2,6.DN'f 

2-Methyl- 1 4-dinit  ro 
benzerie 


CAS  REG  NO:  TORMULA; 
606-20-2!  C^ENjO^ 

NIOSH  NO: 

XT1925000 


STRUCTURE;  CH, 


AIR  W/V  CONVERSION 
FACTOR  at  25*C  (12) 

7.43  mg/m’  «  1  ppm; 
0.1346  ppm  «  1  mg/m’ 


NO,  I  MOLECULAR  WEIGHT; 
I  182.15 


Reactions  6f  phenols  with  organic  peroxides  or 
hydroperoxide  stypically  generate  heat.  Those  with  alkali  or 
alkaline  eahh  metals  or  nitrides  may  produce  heat  and 
flammable  ^ases  while  reactions  with  azoor  diazo 
compoundsi,  or  hydrazines  may  evolve  heat  and  other  gases. 
Reactions  iith  oxidizing  mineral  acids  or  other  strong 
oxidizers  may  result  in  heat  generation  and  fire,  while  those 
with  isocyanates,  epoxides,  or  polymerizable  compounds 
may  result  in  evolution  of  beatand  violent  polymerization 
reactions,  k^ntact  with  explosive  materials  may  cause  an 
explosion  (^11). 


•  Physical!  State:  Solid,  crystalline 

(at  2(rC) 

•  Ckilor;  Yellow 

•  Odor:  Slight 

•  Odor  Threshold;  No  data 
PHYSICO-  •  Density;  1.2833  g/mL  (at  11 TC) 

CHEMICAL  •  Freeze/Melt  Point:  bb.OO'C 

DATA  •  Boiling  Point:  285.()0®C; 

Decomposes  at  26()“C 

•  Flash  Point;  207.00“C 

(closed  cup) 

•  Flammable  Limits:  No  data 


(25) 

(3.) 

(3429) 

(59) 

(222) 

(222,790) 

(3429) 
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• 

Autoignition  Temp.:  No  data 

• 

Vapor  Pressure:  1.80E-02  mm  Hg 

(at  20‘C) 

(33) 

• 

Satd.  Cone,  in  Air: 

1.8000E+02  mg/'m*  (at  20'C) 

(1219) 

PHYSICO- 

• 

Solubility  in  Water:  212E+03 

CHEMICAL 

mg/L  (at  25*C) 

(1219) 

DATA 

• 

Viscosity:  No  Data 

(ConL) 

• 

Surface  Tension:  No  data 

• 

Log  (Octanol-Water  Partition 

CocCf.):  1.98 

(29) 

• 

Soil  Adsorp.  Coeff.:  4.60E+01 

(652) 

• 

Henry’s  Law  Const.:  7.90E-06 

atm  •  mVmol 

(33) 

• 

Bioconc.  Factor:  4.60  (estim) 

(659) 

PERSISTENCE 

2,6-DinitrotoIuene  is  expected  to  be  mobile  in  the  soil/ 
ground-water  system.  Volatilization  is  not  expected  to 

IN  THE  SOIL- 

be  a  significant  removal  mechanism.  Transformation 

WATER 

processes  such  as  hydrolysis  and  biodegradation  are  also 

SYSTEM 

not  expected  to  be  significant  in  natural  soils.  Photolysis 

faster  in  natural  waters  at  higher  pH. 

.L 


The  primary  pathway  of  concern  from  a  soil-water 

PATHWAYS 

system  is  the  migration  of  2,6-dinitrotoluene  to 

OF 

groundwater  drinking  water  supplies.  There  is  some 

EXPOSURE 

evidence  that  such  migration  has  occurred  in  the  past. 

2,6-DINITROTOLUENE 
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Signs  and  Symptoms  of  Short-teim  Human  Exposure; 
<"38.  54.  59) 


Dinitrotoluene  a^ects  the  ability  of  blood  to  carry 
oxygen;  a  bluish  discoloration  of  the  sldn  may  occur. 
Inhalation  can  result  in  symptoms  resembling  ethanol 
intoxication  including  headache,  irritability,  dizziness, 
weakness,  nausea,  vomiting,  shortness  of  breath, 
drowsiness  and  unconsciousness.  The  onset  of  symptoms 
may  be  delayed.  Death  may  occur  if  treatment  is  not 
given  promptly.  Alcohol  ingestion  may  cause  increased 
suscepibility  to  the  toxic  effects  of  dinitrotoluene.  There 
may  be  a  conektion  between  dinitrotoluene  exposure 
and  ischemic  heart  disease. 


HEALTH 

HAZARD 

DATA 


s:  (3504) 


ORAL: 

LD,4  177  mg/kg 
LDm  621  mg/kg 


Rat 

Mouse 


ffects;  Anemia,  methemoelobinemia 


Pregnancy/Neooate  Data:  No  terata  (technical); 
testicular  damaee  ('2.6-isomer') 


Genotoxicity  Data:  Limited  evidence  of  genotoxic 
Dotcntial 


Carcinogenicity  ClassiGcation; 

lARC  -  None  assigned 

NTP  -  No  evidence  in  female  rats 

EPA  -  Group  B2  (probable  human  carcinogen; 

sufficient  evidence  in  animals  and  insufficient 
evidence  in  humans) 


HANDLING 

PRECAUTIONS 

(38) 


Handle  chemical  only  with  adequate  ventilation  •  Vapor 
concentrations  of  1.5-15  mg/m’  2,4-dinitrotoluene;  any 
supplied-air  respirator  or  self-contained  breathing 
apparatus  •  15-75  mg/m’:  any  supplied-air  respirator  or 
self-contained  breathing  apparatus  with  full  facepiece 
•  75-200  mg/m’:  Type  C  supplied-air  respirator  with  full 
facepiece  operated  in  positive-pressure  mode  •  Chemical 
goggles  if  there  is  probability  of  eye  contact  •  Imper¬ 
vious  clothing  and  gloves  should  be  used  to  prevent 
repeated  or  prolonged  skin  contact  with  liquid. 
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ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS  AND 

CRITERIA 


AIR  EXPOSURE  LIMITS: 

Standards 

•  OSHA  TWA  (8-hr):  U  mg/m’  (skin)  for  commercial-grade  dinitrotoluene 

•  AFOSH  PEL  (8-hr  TWA):  1.5  mg/m* *  (skin)  for  commercial-grade 
dinitrotoluene; 

STEL  (15-iiiin):  4.5  mg/m* 

Criteria 

•  NIOSH  IDLH  (30-min):  MOSH  has  recommended  that  commercial-grade 
dinitrotoluene  be  treated  as  a  potential  human  ca.xinogen 

•  ACGIH  REL  (8-hr  TWA):  1.5  mg/ra*  (sldn)  for  commercial-grade 
dinitrotoluene 

WATER  EXPOSURE  LIMITS: 

Drinking  Water  Standards 
None  Established 

EPA  Health  Advisories  and  Cancer  Risk  Levels 
None  established 

WHO  Drinking  Water  Guideline 
None  established 

EPA  Ambient  Water  Quality  Criteria 

•  Human  Health  (355) 

-  No  criteria  have  been  set  for  the  2,6-isomer. 

•  Aquatic  Life  (355) 

-  Freshwater  species 

acute  toxicity:  no  criterion, 
chronic  toxicity:  no  criterion 

-  Saltwater  species 

acute  toxicity:  no  criterion  established  due  to  insufficient  data, 
chronic  toxicity:  no  criterion. 

REFERENCE  DOSES: 

No  reference  dose  available 
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REGULATORY  STATUS  (as  of  Ol-MAR-89) 


Promulgated  Regulations 
•  Federal  Programs 
Qean  Water  Act  (CWA) 

2.6- Dioitrotoluene  b  designated  a  hazardous  substance  under  the  CWA.  It 
has  a  reportable  quantity  (RQ)  limit  of  454  kg  (347,  3764).  It  b  also  Ibted  as 
a  toxic  pollutant,  subject  to  general  pretreatment  standards  for  new  and 
exbting  sources,  and  effluent  guidelines  and  standards.(351,  3763).  EfQuent 
limitations  exbt  for  2,6-dinitrotoluene  efDuent  in  the  electroplating,  the  steam 
electric  power  generating,  and  the  metal  finbhing  point  source  categories 
(3767,  3802,  3768).  Limitations  vary  depending  on  the  type  of  plant  and 
industry. 

Safe  Drinking  Water  Act  (SDWA) 

The  isomer  Z4-dinitrotoiuene  b  included  on  the  Grst  drinking  water  priority 
Ibt  for  which  NPDWRs  and  MCLGs  will  be  developed  by  January,  1991 
(3781).  The  2,6-isomer  of  dinilrotoluene  b  not  regulated  at  thb  time  under 
the  Safe  Drinking  Water  Act.  In  states  with  an  approved  Underground 
Injection  Control  program,  a  permit  b  required  for  the  injection  of 

2.6- dinitrotoluene-containing  wastes  designated  as  hazardous  under  RCRA 
(295). 

Resource  Conservation  and  Recovei-y  Act  (RCRA) 

2.6- Dinitrotoluene  b  identified  as  a  toxic  hazardous  waste  (U106)  and  Ibted  as 
a  hazardous  waste  constituent  (37!".,  3784).  2,6-Dinitrotoluenc  b  subject  to 
land  dbposal  restrictions  when  its  concentration  as  a  hazardous  constituent  of 
certain  wastewaters  exceeds  designated  levek  (3785).  2,6-Dip.itrotoluene  b 
included  on  EPA’s  ground-water  monitoring  Ibt.  EPA  requires  that  ail 
hazardous  waste  treatment,  storage.and  dbposal  facilities  monitor  their  ground- 
water  for  chemicab  on  thb  list  when  suspected  contamination  b  first  detected 
and  annually  thereafter  (3775). 

Toxic  Substances  Control  Act  (TSCA) 

Under  TSCA  Section  4,  EPA  recommends  that  manufacturers  and  processors 
of  2,6-dinitroto>uene  perform  human  health  effects  studies  and  chemical  fate 
testing  in  support  cf  the  RCRA  program  (3792). 

Compreheasive  Environmental  Response  Compensation  and  Liability 
Act  (CERCLA) 

2,6-Dinitrotoluene  b  designated  a  hazardous  substance  under  CERCLA  It 
has  a  reportable  quantity  (RQ)  limit  of  454  kg  (3766).  Reportable  quantities 
have  aUo  been  issued  for  RCRA  hazardous  waste  streams  containing 
dinitrotoluene,  but  these  depend  upon  the  concentrations  of  the  chemical  in 
the  waste  stream  (3766).  Under  SARA  Title  HI,  manufacturers,  processors, 
importers,  and  users  of  2,6-dinitrotoluenc  must  report  annually  to  EPA  and 
state  officiak  their  releases  of  thb  chemical  to  the  environment  (3787). 
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Occupational  Safety  and  Health  Act  (OSHA) 

Employee  exposure  to  dinitrotoluene  in  any  &hour  work-shift  of  a 
40-tour  work-week  shall  not  exceed  an  8-tour  time-weighted  average 
(TWA)  of  U  mg/ml  Employee  skin  exposure  shall  be 
pre.ented/reducto  through  the  use  of  protective  clothing  and  practices 
(3539). 

Hazardous  Materials  Transportation  Act  (HMTA) 

The  Department  of  Transportation  has  designated  2,6-dinitrotoluene  as 
a  hazardous  material  with  a  reportable  quantity  limit  of  454  kg.  subject 
to  requirements  for  packaging,  labeling  and  transportation  (3180). 

•  State  Water  Programs 

ALL  STATES 

All  states  have  adopted  EPA  Ambient  Water  Quality  Criteria  and 
NPDWRs  (see  Water  Exposure  Limits  section)  as  their  promulgated 
state  regulations,  either  narrative  reference  or  by  relisting  the 
specific  numeric  criteria.  These  states  have  promulgated  additional  or 
more  stringent  criteria: 

NEW  YORK 

New  York  has  set  an  MCL  of  5  ^g/L  for  2,6-dinitrotoluene  in  drinking 
water,  and  a  nonenforceable  guideline  value  of  0.07  pig/L  for 
2,6-dinitrotoluene  in  ground  and  surface  waters  (3501,  3500). 

KANSAS 

Kansas  has  an  action  level  of  0.04  fig/L  for  2,6-dinitrotoluene  in 
ground-water  (3213). 

Proposed  Regulations 

•  Federal  Programs 

No  proposed  federal  regulations  are  pending. 

•  State  Water  Programs 

MOST  STATES 

Most  stales  are  in  the  process  of  revising  their  water  programs  and 
proposing  changes  in  their  regulations  which  will  follow  EPA's  changes 
when  they  become  final.  Contact  with  the  state  officers  is  advised. 
Changes  are  projected  for  1989-90  (3683). 


Minnesota  has  proposed  a  Sensitive  Acute  Limit  (SAL)  of  7750  /ig/L 
for  dinitrotoluene  (isomer  not  indicated)  in  designated  surface  waters, 
and  chronic  criteria  of  1  fig/L  for  designated  surface  waters  and  1.1 
fig/L  for  designated  ground-waters  for  the  protection  of  human  health 
(3452). 
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EEC  Directives 

Directive  on  Ground- Water  (538) 

Direct  discharge  into  ground-water  (Le.,  without  percolation  through 
the  ground  or  subsoi])  of  organohalogen  compounds  and  substances 
which  may  form  such  compounds  in  the  aquatic  environment, 
substances  which  possess  carcinogenic,  mutagenic  or  teratogenic 
properties  in  or  via  the  aquatic  environnent,  and  mineral  oils  and 
hydrocarbons  is  prohibited.  Appropriate  measures  deemed  necessary  to 
prevent  indirect  discharge  into  ground-water  (i.e.,  via  percolation 
through  ground  or  subsoil)  of  these  substances  shall  be  taken  by 
member  countries. 

Directive  on  Toxic  and  Dangerous  Wastes  (542) 

Any  installation,  establishment,  or  undertaking  which  produces,  holds 
and/or  disposes  of  certain  toxic  an  dangerous  wastes  including  phenols 
and  phenol  compounds;  organic-halogen  compounds,  excluding  inert 
poiy-meric  materials  and  otner  substances  referred  to  in  this  list  or 
covered  by  other  Directives  concerning  the  disposal  of  toxic  and 
dangerous  waste;  chlorinated  solvents;  organic  solvents;  biocides  and 
phyto-  pharmaceutical  substances;  ethers  and  aromatic  polycyclic 
compounds  (with  carcinogenic,  effects)  shall  keep  a  record  of  the 
quantity,  nature,  physical  and  chemical  characteristics  and  origin  of 
such  waste,  and  of  the  methods  and  sites  used  for  disposing  of  such 
waste. 

Directive  on  the  Oassification.  Packaging  and  Labeling  of  Dangerous 
Substances  (787) 

Z6-Dinitrotoluenc  is  classified  as  a  toxic  substance  and  is  subject  to 
packaging  and  labeling  regulations. 

Directive  on  the  Approximation  of  the  Laws.  Reirulations  and 
Administrative  Provisions  Relating  to  the  Classification.  Packaging  and 
Labeling  of  Dangerous  Preparations  (3980) 

The  labels  on  packages  containing  preparations  classified  as  very  toxic, 
toxic  or  corrosive  must  bear  the  safety  advice  S1/S2  and  S46  in 
addition  to  the  specific  safety  advice.  It  is  physically  impossible  to  give 
such  information,  the  package  must  be  accompanied  by  precise  and 
easily  understood  instructions. 
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23.1  XIAJORUSES 

Six  isomers  of  dioitrotoluene  exist;  the  commerdal-grade  is  pivJominantly  a 
mixture  of  the  2,4-,  2,6-,  and  3,4-isomers  (2).  Dioitrotoluene  compounds  are 
intermediates  in  the  production  of  toluene  diisocyanate  which  is  uWd  in  the 
manufacture  of  polyurethane  foams,  coatings,  and  elastomers.  Dinitrotoluenes  are 
also  used  to  a  limited  extent  as  gelatinizing  and  waterprooGng  agents  in  military  and 
commercial  explosives  (222,  59). 


23.2  ENVIRONMENTAL  FATE  AND  EXPOSURE  PATHWAYS 
23JL1  Transport  in  SoO/Ground-water  Systems 
23.2.1.1  Overview 

The  2,6-isomer  of  dioitrotoluene  may  move  through  the  soil/ground-water  system 
when  present  at  low  concentrations  (dissolved  in  water  and  sorbed  on  soil).  Because 
the  pure  compound  is  a  solid  at  ambient  temperatures  (melting  point  ••=  66°C),  spills 
of  bulk  quantities  of  the  chemical  are  unlikely  to  result  in  any  significant  penetration 
of  the  pure  chemical  into  the  soil/ground-water  system.  In  general,  transport 
pathways  for  low  concentrations  can  be  assessed  by  using  an  equilibrium  partitioning 
model  as  shown  in  Table  23-1.  These  calculations  predict  the  partitioning  of  low  soil 
concentrations  of  2,6-dinitrotoluene  among  soil  particles,  soil  water  and  soil  air.  The 
portions  of  2,6-dinitrotoluene  associated  with  the  water  and  air  phases  of  the  soil  are 
more  mobile  than  the  adsorbed  portion. 

The  estimates  for  the  unsaturated  topsoil  model  indicate  that  most  of  the 
chemical  (90%)  will  be  sorbed  to  the  soil;  however,  a  significant  fraction  (10%)  will 
be  present  in  the  soil-water  phase  and  can  thus  migrate  by  bulk  transport  (e.g.,  the 
dovraward  movement  of  infiltrating  water),  dispersion,  and  diffusion.  For  the  portion 
of  2,6-dinitrotoluene  in  the  gaseous  phase  of  the  soil  (0.01%),  diffusion  through  the 
soil-air  pores  up  to  the  ground  surface,  and  subsequent  removal  by  wind,  v/ill  be  a 
loss  pathway. 

In  saturated,  deep  soils  (containing  no  soil  air  and  negligible  soil  organic  carbon), 
a  much  higher  fraction  of  the  2,6-dinitrotoluene  (84%)  is  likely  to  be  pre.sent  in  the 
soil-water  phase  (Table  23-1)  and  transported  with  flowing  ground-water. 

Piet  et  al.  (226)  found  that  dune-infiltration  treatment  of  Rhine  River  water 
reduced  aqueous  concentrations  of  dioitrotoluene  (isomer  unspecified)  by  95%  from 
the  original  values  in  the  river  water.  The  study  showed  that  the  chemical  is 
somewhat  mobile  in  the  soil/ground-water  environment. 
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EQUILIBRIUM  PARTmONING  CALCLFLATIONS  FOR 
2,6-DINrrROTOLUENE  IN  MODEL  ENVIRONMENTS* 


23-9 


Soil 

Environment 


Estimated  Percent  of  Total  Mass  of  Chemical  in  Each  Compartment 

_ Soil _ Soil-Water  Soil-Air 


Unsaturated 

topsoil^' 
at  20“C 

89.8 

10.2 

Saturated 

deep  soil^ 

16.2 

83.8 

0.01 


a)  Calculations  based  on  Mackay’s  equilibrium  partitioning  model  (34,  35,  36);  see 
Introduction  for  description  of  model  and  environmental  conditions  chosen  to 
represent  an  unsaturated  topsoil  and  saturated  deep  soil.  Calculated  percentages 
should  be  considered  as  rough  estimates  and  used  only  for  general  guidance. 

b)  Utilized  estimated  soil  sorption  coefficient:  =  46  (Estimated  by  Arthur  D. 

Little,  Inc.). 

C)  Henry’s  law  constant  taken  as  7.9E-06  atm  •  mVmol  at  20“C  (33). 
d)  Used  sorption  coefficient  K,  calculated  as  a  function  of  assuming  0.1% 
organic  carbon:  K,  =  0.001  x  IC*. 


23JL1.2  Sorption  on  Soils 

The  mobility  of  2,6-dinitrotoluene  in  the  soiL/ground-water  system  (and  its 
eventual  migration  into  aquifers)  is  strongly  affected  by  the  extent  of  its  sorption  on 
soil  particles.  In  general,  sorption  on  soils  is  expected  to: 

increase  with  increasing  soil  organic  matter  content; 
increase  slightly  with  decreasing  temperature; 
increase  moderately  with  increasing  salinity  of  the  soil  water;  and 
decrease  moderately  with  increasing  dissolved  organic  matter  content  of 
the  soil  water. 

Based  upon  its  octanol  water  partition  coefficient  of  95.  the  soil  sorption 
coefficient  (K,,)  is  estimated  to  be  46.  This  is  a  relatively  low  number  indicative  of 
weak  sorption  to  soils.  However,  this  conclusion  is  based  upon  the  assumption  that 
the  chemical  acts  as  a  neutrri  species  in  solution.  Callahan  et  al.  (10)  point  oui  that 
polynitroaromatic  compounds  are  able  to  form  very  stable  charge-transfer  complexes 
with  more  highly  electro-negative  aromatic  com.pounds.  This  implies  that 
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2,6-dinitrotoluene  should  be  strongly  adsorbed  by  both  humus  and  clay.  In  addition, 
Callahan  et  aL  (10)  point  out  that  basic  sites  on  clay  surfaces  may  form  addition-type 
complexes  with  the  chemical. 

23.21  J  VoUdlization  6om  Soik 

Transport  of  2,6-dinitrotoluene  vapors  through  the  air-Glled  pores  of  unsaturated 
soils  is  not  expected  to  be  an  important  transport  mechanism  because  of  the 
chemical’s  low  vapor  pressure  and  relatively  high  water  solubility  (which  allows  it  to 
be  carried  down  with  infiltrating  water). 

2322  TramfonnatioQ  Processes  m  SoilA^round-water  Systems 

The  persistence  of  2,6-dinitrotoluene  in  soil/ground-water  systems  has  not  been 
studied.  In  most  cases,  it  should  be  assumed  that  the  chemical  will  persist  for  months 
to  years  (or  more). 

Degradation  via  hydrolysis  is  not  expected  to  be  environmentally  significant  (10, 
33,  3874).  Photolysis  of  26-dinitrotoluene  appears  to  be  dependent  on  pH,  with 
more  rapid  hydrolysis  occurring  at  higher  pH  (3307).  Photolysis  rates  of  the  2.4- 
isomer  were  found  to  be  faster  in  natural  waters  than  in  distilled  water,  with  the 
photolysis  half-life  in  natural  water  estimated  to  be  2.7  to  9.6  hr  compared  to  43  hr 
in  distilled  water  (3874). 

In  a  shake-flask  test  simulating  wastewater  treatment  plant  conditions,  Tabak  et 
al.  (55)  found  that  Z6-dinitrotoiuene  underwent  significant  degradation  with  gradual 
adaptation  followed  by  a  deadaptive  process  (toxicity)  in  subsequent  subcultures. 

Thus  biodegradation  in  wastewater  treatment  plants  appears  likely.  Additional  studies 
described  by  Callahan  et  al.  (10)  indicate  that  2,6-dinitrotoiuene  is  resistant  to 
biodegradation  in  the  natural  environment. 

In  most  soil/ground-water  systems,  the  concentration  of  microorganisms  capable 
of  biodegrading  chemicals  such  as  2,6-dinitrotoluene  is  very  low  and  drops  off  sharply 
with  increasing  depth.  Thus,  biodegradation  in  the  soil/ground-water  system  should 
be  assumed  to  be  of  minimal  importance  except,  perhaps,  in  landfllk  with  active 
microbiological  populations. 

2323  Primary  Routes  of  Exposure  From  Sofl/Ground-water  Systems 

The  above  discussion  of  fate  pathways  suggests  that  the  volatility  of 
Z6-dinitrotoluene  is  low,  that  it  is  weakly  adsorbed  by  soil  and  has  no  significant 
potential  for  bioaccumulation.  The  portion  of  the  compound  not  adsorbed  will  be 
mobile  in  ground-water. 

Based  on  its  properties,  the  potential  for  ground-water  contamination  is  high, 
particularly  in  sandy  soil.  Mitre  (83)  reported  that  2.6-dinitrotolucne  has  been  found 
at  2  of  the  546  Nationa'  Priority  List  (WL)  sites.  It  was  detected  at  1  site  in 
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ground-water  and  1  site  in  surface  water.  There  were  no  available  monitoring  data 
for  2,6-dinitrotoiuene  in  drinking  water  supplies. 

Because  2,6-dinitrotoIuene  has  the  potential  for  movement  in  soil/ground-water 
systems,  this  compound  may  eventually  reach  surface  waters  this  mechanism, 
suggesting  several  other  exposure  pathways: 

•  Surface  waters  may  be  used  as  drinking  water  supplies,  resulting  in  direct 
ingestion  exposure;, 

•  Aquatic  organisnu  residing  in  these  waters  may  be  consumed,  also 
resulting  in  ingestion  exposures  through  bioaccumulation; 

•  Recreational  use  of  these  waters  may  result  in  dermal  exposures; 

•  Domestic  animals  may  consume  or  be  dermally  exposed  to  contaminated 
ground  or  surface  waters;  the  consumption  of  meats  and  poultry  could 
then  result  in  ingestion  exposures. 

In  general,  exposures  associated  with  surface  water  contamination  can  be 
expected  to  be  lower  than  exposure  from  drinking  pcntaminated  ground-water, 
partially  due  to  the  greater  dilution  volumes  generally  associated  with  surface  water. 
In  addition,  the  bioconc/rntration  factor  for  this  compound  is  very  low,  suggesting  no 
significant  bioaccumulation  in  aquatic  organisms  or  domestic  animals. 

23.2.4  Other  Sources  of  Exposure 

There  is  a  lack  of  data  on  the  occurrence  of  2,6-dinitrotoiuene  in  finished 
surface  water  supplies  or  in  ambient  air.  As  discussed  under  fate  pathways,  this 
compound  has  a  very  low  vapor  pressure  and  low  volatility  from  aqueous  solutions. 
Potential  exposure  through  inhalation  is  low.  However,  2.6-dinitrotoluene  has  been 
detected  in  industrial  effluents  (587).  Discharge  of  contaminated  effluents  near 
drinking  water  intakes  in  surface  water  could  potentially  result  in  ingestion  exposures. 


233  HUMAN  HEALTH  CONSIDERATIONS 

233.1  Animal  Studies 

233.1.1  CarcuxTgenicity 

There  are  indications  that  the  2.6-isomer  may  be  the  major  tumor-initiating 
component  of  dinitrotoluene.  In  a  two-year  feeding  study  with  CD  rats  administered 
a  dinitrotoluene  mixture  (98%  2,4-dinitrotoluene  and  2%  2,6-dinitrotoiuene)  in  the 
diet,  21%  of  the  male  rats  fed  at  a  level  of  34  mg/kg/day  (0.7  mgTcg/day 
2,6-dinitrotoiuene)  developed  hepatocellular  carcinomas  after  24  months  (592).  In 
another  study,  F344  rats  were  admi.aistered  technical-grade  dinitrotoluene  (76% 
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2,4^inJtrotoIuene,  19%  26-<linitrotoIuene  and  5%  other  isomers)  in  the  diet  at 
dosages  of  35  mg/kg  bw/day  (6.6  mg/kg/day  2,6-dinitrotolueue),  14  or  3.5  mg/kg 
bw/day.  After  12  months,  100%  of  the  males  and  50%  of  the  females  in  the  35 
mg/kg  group  were  found  to  have  hepatocellular  carcinomas.  Bile  duct  (cholangio) 
carcinomas  were  also  observed  in  25%  of  the  males  but  none  of  the  females  in  this 
group.  At  the  end  of  two  years,  both  sexes  of  rats  in  the  14  mg/kg  group  had  an 
inaeased  incidence  of  hepatocellular  carcinomas,  cholangiocarcinomas,  mammary 
fibroadenomas  and  subcutaneous  fibrosarcomas.  An  increased  incidence  of 
hepatocellular  carcinomas  was  also  noted  in  males  in  the  lowest  treatment  group  (3.5 
mg/kg/day)  at  24  months  (591).  The  difference  in  tumor  incidences  in  these  two 
studies  may  be  attributable  to  the  larger  dose  of  2,6-dinitrotoluene  received  by  the 
high-dose  animals  in  the  latter  study.  The  higher  incidence  of  tumors  in  males  is 
consistent  with  the  finding  that  male  rats  also  experience  a  higher  rate  of 
unscheduled  hepatic  DNA  synthesis  after  2,6-dinitrotoluene  administration  than  do 
female  rats  (218). 

A  one-year  ingestion  study  appears  to  confirm  the  hepatocarcinogenicity  of 
2,6-dinitrotoluene.  Feeding  of  99.9%  pure  2,6-dinitrotoluene  to  groups  of  28  male 
F344  rats  for  1  year  resulted  in  a  100%  incidence  of  hepatocellular  carcinomas  when 
dosed  at  14  mg/kg/day  and  an  85%  incidence  when  dos^  at  7  mg/kg/day  (3876).  No 
hepatocarcinomas  were  seen  ia  rats  fed  27  mg/kg/day  pure  2,4-dinitrotoluene  for  1 
year,  while  hepatocarcinomas  were  exhibited  in  47%  of  those  rats  fed  35  mg/kg/day 
technical  grade  dinitrotoluene  (21%  2,4-dinitrotoluene  and  19%  2,6-dinitrotoluene) 
for  1  year  (3876). 

A  study  with  male  mice  fed  dinitrotoluene  (98%  2,4-dinitrotoluene  and  2%  2,6- 
dinitrotoluene)  at  dosages  of  %.9  or  13.3  mg/kg/day  for  two  years  revealed  the 
development  of  papillary  and  cortical  carcinomas  of  the  kidney  and  nonmalignant 
kidney  tumors  (592). 

Using  in  vivo  hepatic  tumor  initiation-promotion  studies,  technical-grade 
dinitrotoluene  and  2,6-dinitrotoluene  were  shown  to  be  weak  initiators  whereas  2,4- 
dinitrotoluene  had  no  initiating  activity  (3878).  In  an  effort  to  further  determine  the 
relative  hepatocyte  foci  promoting  activity  of  technical-grade  dinitrotoluene,  2,4- 
dinitrotoluene,  and  2,6-dinitrotoluene,  a  later  study  established  that  technical-grade 
dinitrotoluene,  2,4-dinitrotoluene,  and  2,6-dinitrotoluene  have  hepatocyte  promoting 
activity,  with  the  2.6-isomer  ten  times  more  potent  than  the  2,4-isomer  (3880).  Based 
on  these  two  studies,  the  authors  concluded  that  Z6-dinitrotoiuene  could  be 
considered  a  complete  carcinogen,  and  suggest  that  the  imtiating  capacity  of  technical- 
grade  dinitrotoluene  was  due  to  the  presence  of  the  2,6-isomer  (3878,  3880). 

Negative  results  were  obtained  in  the  lung-tumor  bioassay  in  Strain  A  and  A/J 
mice  after  administration  of  2.6-dinitrotoluene  for  30  weeks.  Total  doses  ranged  from 
1200  to  6000  mgicg  orally  and  600  to  3000  mg/kg  intraperitoneally  (220,  221).  These 
negative  results  are  not  surprising  in  light  of  the  fact  that  many  hepatocarcinogens 
are  either  inactive  or  weakly  active  for  iung-tumor  induction  in  strain  A  mice  (221). 
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233.12  Genotoxicity 

No  increase  in  genotoxicity  was  observed  for  2,6-dinitrotoIuene  in  Chinese 
hamster  ovary  cells  (217)  or  in  P38S  mouse  lymphoma  cells  (3866)  with  or  without 
metabolic  activation.  2,6-Dinitrotoluene  was  weakly  mutagenic  in  the  Salmonella/ 
microfiome  test  (216,  3653,  3884).  It  induced  increased  unscheduled  DNA  synthesis 
in  rat  hepatocytes  after  in  vivo  administration  (3455).  Female  rats  experienced  a 
much  lov^r  level  of  unscheduled  DNA  synthesis  than  did  males  (218).  Concen¬ 
trations  of  2,6-dmitrotoluene  covalently  t»und  to  liver  ceils  are  much  higher  than 
after  an  equivalent  dose  of  2,4-dinitrotoluene,  indicating  the  greater  toxicity  of  the 

2.6- isomer  (219). 

23J.13  Teratogenicity,  Embcyotoiidty  and  Reproductive 

No  embryotoxic  or  teratogenic  effects  wete  observed  in  the  off-spring  of 
pregnant  rats  given  doses  of  100  mg/kg  of  technical  grade  dinitrotoluene  (a  mixture 
of  76%  2,4-dinitrotoluene,  19%  2,6-dinitrotoluene)  by  gavage  on  days  7  through  20  of 
gestation  (791). 

In  a  series  of  studies,  male  rats,  mice,  and  dogs  fed  or  orally  administered 

2.6- dinitrotoluene  (purity  >99%)  developed  testicular  atrophy,  decreased 
spermatogenesis  and  aspermatogenesis  (absence  of  development  of  sperm)  (792). 

Rats  were  given  2,6Kiinitrololuene  at  a  dose  of  144.7  mg/kg/day  for  4  or  13  weeks; 
mice  were  fed  2,6-dinitrotoluene  at  a  level  of  288.8  mg/kg/day  for  4  weeks  while  dogs 
were  orally  administered  100  mg/kg/day  for  8  weeks  (792).  Similar  effects  were 
observed  in  male  rat;  and  mice  fed  technical  grade  dinitrotoluene  for  2  years  at  a 
dosage  of  34.5  mg/kg/day  (rats)  and  96.9  mg/kg/day  (mice)  (592).  Nonfunctioning 
ovaries  were  also  noted  in  female  mice  fed  911  mgkg/day  technical  grade 
dinitrotoluene  for  2  years  (592). 

233.1.4  Other  Toxioologic  Effects 

233.1.4.1  Short-term  Toxicity 

Toxicity  data  on  2,6-dinitrotoluene  are  limited.  In  general,  the  isomers  of 
dinitrotoluene  are  more  toxic  to  the  rat  than  to  the  mouse.  The  oral  LDjo  value  for 
the  2,6-isomer  is  177  (47)  to  795  mg/kg  in  the  i?t  (3875)  and  between  621  mg/kg  (47) 
and  1000  mg/kg  in  the  mouse  (59). 

Early  animal  experiments  conducted  in  cats  found  that  oral  administration  of  24 
mL  of  a  1%  solution  of  the  2,4-isomer  of  dinitrotoluene  in  cod  liver  oil,  given  in  2  or 
4  mL  increments,  produced  no  toxic  effects.  Similarly,  no  toxic  effects  were  observed 
after  cutaneous  application  of  0.3  g/kg  (2). 

Both  the  2,4-  and  the  2,6-isomers  were  found  to  be  nonirritating  to  the  eyes  and 
mildly  irritating  to  the  skin  of  rabbits  (3875). 
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Since  dinitrotoluene  is  a  solid  at  room  temperature,  splashes  in  the  eye  will  not 
occur  unless  the  substance  is  hot  and  then  severe  bums  can  be  expected  (46).  A 
severe  bum  of  the  sldn,  eyelids  and  cornea,  with  permanent  scarring,  has  been 
attributed  to  hot  fiunes  of  dinitrotoluene  (15).  Exposure  to  dinitrotoluene  may  also 
result  in  temporary  visual  disturbances  (222). 

233.1.42  Oiroaic  Tbxicity 

A  13-week  toxicity  study  of  2,6-dinitrotolueDe  was  carried  out  in  dogs,  rats  and 
mice.  Dogs  were  administered  4,  20  or  100  mg/kg/day  orally.  Rats  and  mice  were 
dosed  in  theii  feed  at  rates  of  0.01,  0.05  and  025%  per  day.  Toxic  effects  in  dogs 
and  rats  included  inhibition  of  muscular  coordination  and  muscular  rigidity  of  the  hind 
legs,  decreased  appetite  and  weight  toss.  Only  the  latter  2  effects  were  observed  in 
mice.  The  highest  doses  were  lethal  to  some  animals  in  all  species,  while  the  lowest 
doses  produced  no  toxic  effects.  All  species  exhibited  anemia  and  methemo¬ 
globinemia,  a  loss  of  the  oxygen-carrying  capacity  of  the  blood.  Also  seen  were 
testicular  atrophy  with  aspermatogenesis  and  demyelination  in  the  brain  (593). 

2332  Human  and  Epidemiologic  Studies 

2332.1  Short-term  Toxicologic  Effects 

The  toxic  effects  of  the  dinitrotoluene  isomers  are  similar  to  those  of  other 
aromatic  nitrocompounds  (2)  The  primary  toxic  sign  is  methemoglobinemia.  This 
effect  can  be  caus^  by  inhalation,  ingestion  or  dermal  absorption  of  dinitrotoluene 
(222).  The  symptoms  often  develop  gradually  but  may  be  delayed  up  to  4  hours. 
Headache  is  commonly  the  first  symptom  and  its  intensity  may  increase  as  the 
methemoglobinemia  progresses.  Fatigue,  nausea,  vomiting  and  chest  pain  have  also 
been  reported  (46).  Cyanosis  develops  early  in  the  intoxication  when  the  methemo- 
globin  concentration  is  15%  or  more.  It  is  noted  as  a  blueness  in  the  lips,  nose  and 
earlobes.  At  this  early  stage,  the  individual  may  feel  well  and  have  no  complaints. 
When  the  rhethemoglobin  concentration  reaches  40%,  there  is  usually  weakness  and 
dizziness.  At  70%,  there  may  be  incoordination,  increased  heart  rate,  drowsiness, 
joint  pain  and  muscular  tremors  (45,  46,  222).  If  treatment  is  not  given  promptly, 
death  may  occur  (54). 

In  a  severe  case  of  poisoning  with  the  2,4-isomer,  the  individual  was  rejxsrted  to 
have  suffered  from  severe  cyanosis  and  later  complained  of  headache,  palpitations, 
tightness  in  the  chest,  insomnia  and  lack  of  appetite.  Other  medical  findings  included 
tremors  and  impaired  reflexes.  The  dose  and  route  of  exposure  were  not  indicated 
(595). 

Data  on  human  reproductive  effects  are  equivocal.  One  study  of  9  workers 
exposed  to  concentrations  of  technical  grade  dinitrotoluene  ranging  from 
nondetectable  to  a  maximum  of  0.42  mg/m’  found  decreased  sperm  counts  and  a 
reduction  in  the  number  of  large  morphologic  sperm  forms.  A  nonsignificant  increase 
in  spontaneous  abortions  was  also  reported  for  the  wives  of  the  exposed  workers 
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(3S21).  In  contrast,  another  study  of  males  exposed  to  0.026  to  0.89  mg/m’  technical 
grade  dinitrotoluene  in  the  workplace  found  no  statistically  significant  differences 
between  exposed  and  unexposed  workers  in  sperm  counts,  sperm  morphology,  fertility 
or  the  rate  of  spontaneous  abortions  in  their  wives  (790).  Negative  results  were  also 
obtained  in  a  sample  of  84  exposed  and  119  unexpo^  workers  evaluated  against  the 
same  reproductive  parameters.  The  level  of  exposure  in  this  study  was  not  rep>orted 
(790). 

In  a  study  of  154  workmen  exposed  to  2,4-dinitrotoluene,  the  chief  symptoms 
were  an  unpleasant  metallic  taste,  weakness,  headache,  loss  of  appetite  and  dizziness. 
Fifty  percent  developed  cyanosis  and  anemia.  Jaundice  was  observed  in  2  individuals. 
No  permanent  physical  impairment  was  found.  Fifteen  percent  showed  a  reduced 
tolerance  to  alcohol  while  20%  stated  that  their  symptoms  had  been  aggravated  by 
alcohol  ingestion.  Some  workers  reported  the  inability  to  cjnsume  alcoholic 
beverages  within  2  to  3  hours  of  finishing  a  shift  without  experiencing  symptoms  of 
acute  illness  (596).  The  ingestion  of  alcohol  normally  causes  increased  susceptibility 
to  cyanosis  and  will  therefore  aggravate  the  toxic  effects  of  dinitrotoluene.  Also, 
since  the  body  eliminates  dinitrotoluene  slowly,  abstention  from  alcoholic  beverages 
should  be  practiced  for  several  days  after  exposure.  Alcohol  in  any  form  should 
never  be  administered  to  a  victim  of  dinitrotoluene  poisoning  (222). 

A  study  of  cohorts  of  workers  exposed  to  technical-grade  dinitrotoluene  (19% 
2,6-dinitrotoluene)  and  2,4-dinitrotoluene  (1%  2,6-dinitrotoluene)  in  two  munitions 
plants  operating  during  the  1940s  and  1950s  indicated  an  increase  in  ischemic  heart 
disease  over  that  seen  in  white  males  in  the  United  States  and  in  persons  living  in 
the  vicinity  of  the  two  plants.  Median  exposure  times  to  technical-grade  dinitro¬ 
toluene  and  the  2,4-isomer  were  for  0.4  yr  and  1.2  yr,  respectively.  The  data 
suggest  a  correlation  between  mortality  and  length  and  intensity  of  exposure  to 
dinitrotoluene  (3524). 

233.2J  Chronic  Toxicologic  Effects 

There  are  no  reports  in  the  literature  on  long-term  human  exposure  to 
dinitrotoluene  isomers.  Mackison  (38)  states  that  repeated  or  prolonged  exposure 
may  cause  anem<a  or  jaundice. 

2333  Levels  of  Concern 

No  standards  or  criteria  have  been  set  specifically  for  the  2,6-isomer  of 
dinitrotoluene,  OSHA  (3539)  has  set  a  standard  for  exposure  to  1,5  mg/m’  of 
dinitrotoluene  (commercial  mixture  of  isomers)  averaged  over  an  8-hour  work-shift; 
the  ACGIH  (3005)  has  set  a  similar  standard  for  the  commercial  grade  dinitrotoluene. 
The  TLV  was  set  by  analogy  with  chemically-similar  substances. 

The  USEPA  (355)  has  established  a  zero  ambient  water  quality  criterion  for  the 
protection  of  human  health  from  ingestion  of  the  2,4-isomer  of  dinitrotoluene: 
concentrations  in  wa'er  of  1.1.  0.11  and  0.011  2,4-dinitrotoluene  were  estimated 
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to  result  in  incremental  lifetime  cancer  risks  of  lE-05,  lE-06,  and  lE-07,  respectively, 
for  individuals  who  consumed  2  liters  of  drinking  water  and  6.5  g  of  contaminated 
Gsb  daily  for  a  lifetime  at  the  criterion  level. 

lARC  does  not  list  2,6-dinitrotoluene  in  its  weight-of-  evidence  ranking  of 
potential  carcinogens.  However,  based  on  the  recent  studies  of  Leonard  et  al.  (3876, 
3S80,  3878),  evidence  of  carcinogenicity  in  animals  is  available,  and  2,6-dinitrotoluene 
is  classified  as  an  EPA  Qass  B2  carcinogen  (3879).  In  addition,  NIOSH  has 
recommended  that  2,6-dinitrotoluene  be  considered  a  potential  carcinogen. 

233.4  Hazard  Assessment 

The  notable  lack  of  quantitative  data  available  for  either  humans  or  experimental 
animals  makes  estimates  of  dose-responst  relationships  uncertain,  particularly  with 
regard  to  long-term,  low-level  oral  exposure. 

Oral  administration  of  commercial  mixtures  of  dinitrotoluene  have  induced  liver 
carcinomas  in  rats  (591,  592)  and  studies  with  the  2,6-isomer  alone  indicate  it  to  be  a 
liver  carcinogen  (3876).  There  is  limited  evidence  of  genotoxic  activity.  There  were  , 
no  indications  of  teratogenic  effects  in  rats  given  a  technical  grade  dinitrotoluene, 
mixture  containing  19%  2,6-dinitrotoluene  (791).  However,  testicular  atrophy, 
decreased  spermatogenesis  and  aspermatogenesis  have  been  reported  in  three  species 
orally  administered  2,6-dinitrotoluene  for  4-13  weeks  (792).  Similar  findings  were 
reported  in  one  group  of  occupationally  exposed  workers  but  not  for  another  (790). 

Data  on  other  toxic  effects  associated  with  exposure  to  dinitrotoluene  are  sparse. 
Anoxia  due  to  the  formation  of  methemoglobin  is  the  most  common  sign  of  exposure 
in  humans,  but  may  be  delayed  for  up  to  4  hours  after  exposure.  Ingestion  of 
alcohol  is  reported  to  aggravate  the  toxic  effects  of  dinitrotoluenes.  A  study  of 
cohorts  of  workers  exposed  to  technical-grade  dinitrotoluene  and  2,4-dinitrotoluene 
indicate  an  association  between  exposure  time  and  amount  and  an  increased  incidence 
of  ischemic  heart  disease  (3524). 


23.4  SAMPLING  AND  ANALYSIS  CONSIDERATIONS 

Determination  of  2,6-dinitrotolueDe  concentrations  in  soil  and  water  requires 
collection  of  a  representative  field  sample  and  laboratory  analysis.  C^re  is  required  to 
prevent  lavses  during  sample  collection  and  storage.  Soil  and  water  samples  should 
be  collected  in  glass  containers;  extraction  of  samples  should  be  completed  within  7 
days  of  sampling  and  analysis  completed  within  40  days.  In  addition  to  the  targeted 
samples,  quality  control  samples  such  as  field  blanks,  duplicates,  and  spiked  matrices 
may  be  specified  in  the  recommended  methods. 

EPA-approved  procedures  for  the  analysis  of  2,6-dinitrotoluenc,  one  of  the  EPA 
priority  pollutants,  in  aqueous  samples  include  EPA  Methods  609,  625,  and  1625  (65). 
Prior  to  analysis,  samples  are  extracted  with  methylene  chloride  as  a  solvent  using  a 
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separatory  funnel  or  a  continuous  liquid-liquid  extractor.  An  aliquot  of  the 
concentrated  sample  extract  is  injected  onto  a  gas  chromatographic  (GC)  column 
using  a  solvent  flush  technique.  The  GC  coiunm  is  programme  to  separate  the 
semi-volatile  organics;  2,6-dinitrotoiuene  is  then  detected  with  an  electron  capture, 
detector  (Methods  609  and  8090)  or  a  mass  spectrometer  (Methods  625,  1625,  and 
8150).  Toluene  as  well  as  methylene  chloride  have  been  used  as  the  extraction 
so.  vent  (3057).  A  method  which  uses  macroreticuiar  resins  to  concentrate  the  sample 
rather  than  liquid-liquid  extraction  has  also  been  described  (3592). 

The  EPA  procedures  recommended  for  2,6-dinitrotoluene  analysis  in  soil  and 
waste  samples,  Methods  8090  and  8250  (63),  differ  from  the  aqueous  procedures 
primarily  in  the  preparation  of  the  sample  extract  Solid  samples  are  extracted  using 
either  soxhlet  extraction  or  sonication  methods.  Neat  and  diluted  organic  liquids  may 
be  analyzed  by  direct  injection.  Determinations  are  made  with  the  electron  capture 
detector. 

Typical  2,6-dinitrotoluene  deiection  limits  that  can  be  obtained  in  wastewaters 
and  nonaqueous  samples  (wastes,  soils,  etc.)  are  shown  below.  The  actual  detection 
limit  achieved  in  a  given  analysis  will  vary  with  instrument  sensitivity  and  matrix 
effects. 

Aqueous  Detection  Limit  Nonaqueous  Detection  Limit 

0.01  ug/L  (Method  609)  6.7  Mg/kg  (Method  8090) 

1.9  fig/L  (Method  625)  1.2  Mg/g  (Method  8250) 

10  ug/L  (Method  1625) 

0.1  ug/L  (3592) 

0.1  ug/L  (Method  8090) 

19  ug/L  (Method  8250) 
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COMMON 

CAS  REG.no.:  FORMULA; 

AIR  W/V  CONVERSION 

SYNONYMS: 

MooochlofXJbenzene 

108-90-7  CVlsQ 

NIOSH  NO: 

FACTOR  at  25*C  (12) 

Cbiorobenzol 

CZ0175000 

4.60  mg/m’  «  1  ppm; 

Phenyl  chJorkJe 

MCB 

STRUCTURE; 

Cr" 

0.217  ppm  »  1  mg/m’ 

CP27 

MOLECULAR  WEIGHT: 
112.56 

Reactions  of  haiogenated  organic  materials  such  as  chloro¬ 
benzene  with  cyanides,  mercaptans  or  other  organic  sulfides 
typically  generate  heat,  while  those  with  amines,  azo  com¬ 
pounds,  hydrazines,  caustics  or  nitrides  commonly  evolve 
heat  and  toxic  or  flammable  gases.  Reactions  with  oxidiz¬ 
ing  mineral  acids  may  generate  heat,  toxic  gases  and  fires. 
Those  with  alkali  or  alkaline  earth  metals  certain  other 
REACT  iViry  chemically  active  elemental  metals  like  aluminum,  zinc  or 
magnesium,  organic  peroxides  or  hydroperoxides,  strong 
oxidizing  agents,  or  strong  reducing  agents  typically  result 
in  heat  generation  and  explosions  and/or  Gres  (511,505). 
Chlorobenzene  is  also  known  to  form  shock-sensitive 
solvated  salts  that  are  liable  to  explode  when  mixed  with 
silver  perchlorate,  and  to  react  violently  with  dimethyl 
sulfoxide  (505). 


• 

Physical  State:  Liquid 

(at  20“C) 

(23) 

• 

Color:  Clear 

(23) 

• 

Odor:  Almond-like 

(23) 

• 

Odor  Threshold;  0.21  ppm 

(263) 

PHYSICO- 

• 

Density:  (g/mL  at  20®C);  1.106 

(14) 

CHEMICAL 

• 

Freeze/Melt  Point:  -55/-45'’C 

(69) 

DATA 

• 

Boiiing  Point:  132‘’C 

(14) 

• 

Flash  Point;  28®  (closed  cup) 

(69) 

• 

Flammable  Limits:  ^.3-7.1%  by  volume 

(60,513.504) 

• 

Autoignition  Temp.:  593-640°C 

(60,38,506) 
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• 

Vapor  Pressure:  8.8  mm  Hg 
(at  2(rC) 

(38) 

• 

&td.  Cone,  in  Air:  54,000  mg/m’ 

(at  20"C) 

(67) 

• 

Solubility  in  Water:  490  mgl^ 

(at  25*C) 

(1219) 

• 

Visrosity.  0.765  cp  (at  20“C) 

(21) 

PHYSICO- 

• 

Surface  Tension:  32.65  dyne/cm 

CHEMICAL 

(at  20“Q 

(21) 

DATA 

Log  (Octanol-Water  Partition 

(CbnL) 

Coeff.):  184 

(29) 

Soil  A^rp.  Coeff.:  333 

(652) 

Henry's  Law  Const.:  0.00346 
atm  •  mVmol  (at  25'’C) 

(74) 

• 

BioconcentrationFactor:  10.3 

(estim  for  edible  aquatic 
organisms),  33  (estim) 

(262,659) 

PERSISTENCE 

Chlorobenzene  is  expected  to  be  fairly  mobile  in  soil/ 
ground-water  systems,  particularly  in  deep  soils  of  low 
organic  content.  In  general,  chlorobenzene  will  persist 

IN  THE  SOIL- 

in  the  soil/ground-water  environment.  However, 

WATER 

volatilization  from  surface  soils  may  be  important  and 

SYSTEM 

biodegradation  by  acclimated  microbial  populations  has 

been  observed. 

1 

j 

The  primary  pathway  of  concern  from  a  soil-water 

pathways 

system  is  probably  the  migration  of  chlorobenzene  to 

OF 

groundwater  drinking  water  supplies,  although  it  is 

EXPOSURE 

moderately  adsorbed  and  may  be  biodegraded. 

Inhalation  resulting  from  volatilization  from  surface  soils 
m^y  also  be  important  under  some  conditions. 
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HEALTH 

HAZARD 

DATA 

Signs  and  Symptoms  of  Short-tenn  Human  Exposure: 
f38.45.5n 

The  symptoms  of  inhalation  and  ingestion  include 
dizziness,  drowsiness,  headache,  nausea  and  vomiting. 

The  urine  may  be  colored  burgundy-red.  Chlorobenzene 
will  cause  irritation  of  the  eyes,  nose  and  sldn. 

Acute  Toxicitv  Studies; 

ORAL- 

LDm  2910  mg/kg  Rat  (47) 

SKIN: 

No  data 

INHALATION; 

LClo  15,000  mg,W  Mouse  (51) 

Lone-term  Effects:  Liver  and  Iddnev  damace 
Pregnacy/Neonate  Data;  Negative  teratogen;  near-lethal 
levels  linked  to  decteased  spermatoeenesis  in  does 

Mutation  Data:  Limited  evidence  is  neeative 

Carcinogenicity  Qassification: 
lARC  •  No  data 

NTP  -  Some  evidence 

EPA  -  Group  D  (not  classifiable  as  to  human 
carcinogenicity) 

HANDLING 

PRECAUTIONS 

(38) 

Handle  chemical  only  with  adequate  ventilation  •  Vapor 
concentrations  of  75-1000  ppm:  chemical  cartridge 
respirator  with  full  facepiece  and  organic  vapor  cartridge 
•  IGOO-  2400  ppm:  any  supplied-air  respirator  or  self- 
contained  breathing  apparatus  with  full  facepiece,  or  gas 
mask  with  organic  vapor  canister  •  Chemical  goggles  if 
there  is  probability  of  eye  contact  •  Protective  clothing 
to  prevent  repeated  or  prolonged  skin  contact. 
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ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS  AND 

CRITERIA 


AIR  EXPOSURE  LIMITS: 

Standards 

•  OSHA  TWA  (8-hr):  75  ppm 

•  AFOSH  PEL  (8-hr  TWA):  75  ppm;  STEL  (15-min):  112.5  ppm 
Criteria 

•  NIOSH  IDLH  (30  min):  2400  ppm 

•  NIOSH  REL:  None  established 

•  ACGIH  TLV®  (8-hr  TWA):  75  ppm 

•  ACGIH  STEL  (15  min):  None  established 

WATER  EXPOSURE  LIMITS: 

Drinking  Water  Standards  (3883) 

MCLG:  100  Mg/L  (proposed) 

MCL  :  100  (proposed) 

EPA  Health  Advisories  and  Cancer  Risk  Levels  (3977) 

The  EPA  has  developed  the  followng  Health  Advisories  which  provide  specific 
advice  on  the  levels  of  contaminants  in  drinking  water  at  which  adverse  health 
effects  would  not  be  anticipated. 

-  1-day  (child):  2000  /ig/L 

-  KWay  (child):  2000  ng[L 

-  longer-term  (child):  2(^  ^g/L 

-  longer-term  (adult):  7000  ng/L 

•  lifetime  (adult):  100  tig,!. 

WHO  Drinking  Water  Guideline 
No  information  available. 

EPA  Ambient  Water  Quality  Criteria 

•  Human  Health  (355) 

-  Based  on  ingestion  of  contaminated  water  and  aquatic  organisms,  488  ^lg^ 
chlorobenzene.  Adjusted  for  drinking  water  only.  488  MgT-  Based  on 
adverse  organoleptic  effects,  20  /ig/L  chlorobenzene. 

•  Aquatic  Life  (355) 

-  Freshwater  species 
acute  toxicity: 

no  criterion,  but  lowest  effect  level  occurs  at  250  fig/L  of  chlorini'ed 
benzenes. 
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ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS  AND 
CRITERIA  (ConL) 


chrcnic  toxicity: 

DO  criterion  established  due  to  insufCcient  data,  but  toxicit}'  occurs  at 
concentrations  as  low  as  SO  for  7.5  days  exposure. 

-  Saltwater  species 
acute  toxicity: 

no  criterion,  but  lowest  effect  level  occurs  at  160  ^ig/L  of  chlorinated 
benzenes. 

chronic  toxicity: 

no  criterion,  but  lowest  effect  level  occurs  at  129  ^g/L  of  chlorinated 
benzenes. 

REFERENCE  DOSES: 


2.000E-i-01  ;ig/kg/day  (3744) 


REGULATORY  STATUS  (as  of  Ol-MAR-89) 


Promulgated  Regulations 


Federal  Programs 

Clean  Water  Act  (CWA) 

Chlorobenzene  is  designated  a  hazardous  substance  under  CWA.  It 
has  a  reportable  quantity  (RQ)  limit  of  45.4  leg  (347,  3764).  It  is  also 
listed  as  a  toxic  pollutant,  subject  to  general  pretreatment  regulations 
for  new  and  existing  sources,  and  effluent  standards  and  guidelines 
(351,  3763).  Effluent  limitations  specific  to  this  chemical  have  been  set 
in  the  following  point  source  categories:  electroplating  (3767),  organic 
chemicais,  plastics,  and  sj-nthetic  fibers  (3777),  steam  electric  power 
generating  (3802),  metal  finishing  (376S),  and  metal  molding  and 
casting  (^).  Limitations  vary  depending  on  the  type  of  industry  and 
plant 

Safe  Drinking  Water  Act  (SDWA) 

Chlorobenzene  is  on  the  list  of  83  contaminants  required  to  be 
regulated  under  the  SDWA  of  1974  as  amended  in  1986  by  January, 
1S91  (3781).  EPA  lists  it  as  an  unregulated  contaminant  requiring 
monitoring  in  all  community  water  systems  and  non-community 
non-transient  water  systems  (3771).  In  states  with  an  approv^ 
Underground  Injection  Control  program,  a  permit  is  required  for  the 
injection  of  chlorobenzene-containing  wastes  designated  as  hazardous 
under  RCRA  (295). 
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Toxic  Substances  Control  Act  (TSCA) 

Manufacturers,  processors  or  distributors  of  chlorobenzene  must  report 
production  usage  and  disposal  information  to  EPA.  They,  as  well  as 
others  who  possess  health  and  safety  studies  on  chlorobenzene,  must 
submit  them  to  EPA  (334,  3789).  EPA  requires  that  manufacturers 
and  importers  of  chemical  substances  made  from  chlorobenzene  submit 
production,  use,  exposure,  and  disposal  data  in  order  to  determine 
whether  there  is  further  need  for  dioxin  and  furan  testing  of  the 
chemical  products  for  which  chlorobenzene  is  a  precursor  (3780).  EPA 
requires  that  manufacturers,  importers,  and  processors  of 
chlorobenzene  conduct  reproductive  and  fertility  effects  testing  (340). 


Resource  Conservation  and  Recovery  Act  (RCRA) 

Chlorobenzene  is  identified  as  a  toxic  hazardous  waste  (U037)  and 
listed  as  a  hazardous  waste  constituent  (3783,  3784).  Non-specific 
sources  of  chlorobenzene-co.ntaining  waste  are  solvent  use  (or 
recovery)  activities,  spent  solvent  mixtures  containing  10%  or  more 
chlorobenzene,  and  chlorinated  aliphatic  hydrocarbon  production 
(325).  Waste  streams  from  the  organic  chemicals  industry  (production 
of  benzyl  chloride,  1,2-dichloroethane,  and  chlorobenzene)  contain 
chlorobenzene  and  are  listed  as  specific  sources  of  hazardous  waste 
(3774,  3765).  Chlorobenzene  is  subject  to  land  disposal  restrictions 
when  its  concentration  as  a  hazardous  constituent  of  certain 
wastewaters  exceeds  designated  levels  (3785).  Effective  July  8,  1987, 
the  land  disposal  of  untreated  hazardous  wastes  which  contain 
halogenated  organic  compounds  in  total  concentrations  greater  than  or 
equal  to  1000  mg/kg  is  prohibited.  Effective  August  8,  1988,  the 
underground  injection  into  deep  wells  of  these  wastes  is  prohibited. 
Certain  variances  exist  until  May,  1990  for  some  wastewaters  and 
contaminated  soils  for  which  Best  Demonstrated  Available  Technology 
(BOAT)  treatment  standards  have  not  been  promulgated  by  EPA 
(3786).  Chlorobenzene  is  included  on  EPA’s  ground-water  monitoring 
Ust.  EPA  requires  that  all  hazardous  waste  treatment,  storage,  and 
disposal  facilities  monitor  their  ground-water  for  chemicals  on  this  list 
when  suspected  contamination  is  Grst  detected  and  annually  thereafter 
(3775). 


Hazardous  Materials  Transportation  Act  (HMTA) 

The  Department  of  Transportation  has  designated  chlorobenzene  as  a 
hazardous  material  with  a  reportable  quantity  of  45.4  kg.  subject  to 
requirements  for  packaging,  labeling  and  transportation  (3180). 
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Food.  Druf  and  Cosmetic  Act  (FDCA) 

Chlorobenzene  is  approved  for  use  as  an  indirect  food  additive  as  a 
component  of  adhesives  (3209). 

Comprehensive  Environmental  Response  Compensation  and  Liability 
Act  (CERCLA) 

Chlorobenzene  is  designated  a  hazardous  substance  under  CERCLA. 

It  has  a  reportable  quantity  (RQ)  limit  of  45.4  kg.  Reportable 
quantities  have  also  been  issued  for  RCRA  hazardous  waste  streams 
containing  chlorobenzene  from  non-specific  but  these  depend  upon  the 
concentration  of  the  chemicals  in  the  waste  stream  (3766).  Under 
SARA  Title  III  Section  313,  manufacturers,  processors,  importers,  and 
users  of  chlorobenzene  must  report  annually  to  EPA  and  state  officials 
their  releases  of  this  chemical  to  the  environment  (3787). 

Federal  Insectide.  Fungicide  and  Rodentcide  Act  (FIFRA) 
Chlorobenzene  is  exempt  from  a  tolerance  requirement  when  used  as  a 
solvent  in  pesticide  formulations  applied  to  growing  crops.  It  must  not 
contain  more  than  1%  impurities,  nor  should  it  be  used  after  the 
edible  parts  of  the  plant  begin  to  form.  Livestock  should  not  be 
grazed  in  treated  areas  with^  48  hours  after  application  (315). 

Marine  Protection  Research  and  Sanctuaries  Act  (MPRSA) 

Ocean  dumping  of  organohalogen  compounds  as  well  as  the  dumping 
of  known  or  suspected  carcinogens,  mutagens  or  teratogens  is 
prohibited  except  when  they  are  present  as  trace  contaminants.  Permit 
applicants  are  exempt  from  these  regulations  if  they  can  demonstrate 
that  such  chemicals  constituents  are  non-toxic  and  non-bioaccumulative 
in  the  marine  environment  or  are  rapidly  rendered  harmless  by 
physical,  chemical  or  biological  processes  in  the  sea  (.309). 

Occupational  Safety  and  Health  Act  (OSHA) 

Employee  exposure  to  chlorobenzene  in  any  ^hour  work-shift  of  a 
40-hour  work-week  shall  not  exceed  an  8-hour  time-weighted  average 
(TWA)  of  75  ppm  (3539). 

Qean  Air  Act  (CAA) 

After  consideration  of  data  regarding  serious  health  effects  from 
ambient  air  exposure  to  chlorobenzene,  EPA  has  decided  not  to  list 
this  chemical  as  a  hazardous  air  pollutant  (3685). 

•  State  Water  Programs 
ALL  STATES 

All  states  have  adopted  EPA  Ambient  Water  Quality  Criteria  and 
NPDWRs  (see  Water  Exposure  Limits  section)  as  their  promulgated 
state  regulations,  either  by  narrative  reference  or  by  relisting  the 
specific  numeric  criteria.  These  states  have  promulgated  additional  or 
more  stringent  criteria: 
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CAUEQE2M 

California  has  set  an  MCL  and  an  action  level  of  30  ug/L  for 
chlorobenzene  in  drinking  water  (3096,  3098). 

CPMFcncyr 

Connecticut  has  a  quantification  limit  of  2  fig/L  for  drinking  water 
(3137). 

DISTRICT  OF  COLUMBIA 

The  District  of  Columbia  has  a  human  health  criterion  of  20  /ig/L  for 
all  chlorinated  benzenes  in  public  water  supply  waters  (3828). 

MISSOURI 

Missouri  nas  a  water  quality  criterion  of  20  fig/L  for  drinking  water 
supply  waters  (3457). 

NEW  JERSEY^ 

New  Jersey  has  set  an  MCL  of  4  (ig/L  for  drinking  water  (3497). 
NEW  YORK 

New  York  has  set  an  MCL  of  5  isg/L  for  drinking  water,  and  has  a 
nonenforceable  water  quality  guideline  of  20  Mg/L  for  ground-water. 
New  York  has  also  set  ambient  water  quality  standards  for  surface 
waters:  20  fig/L  for  drinking  water  supplies,  5  fig/L  for  fresh  water 
classed  A,  A-S,  AA,  AA-S,  B,  and  C  for  fishing  and  fish  propagation 
(3501,  3500). 

OKLAHOMA 

Oklahoma  has  a  water  quality  standard  of  0.7  ng/L  for  ground-water 
(3534). 

PENNSYLVANIA 

Pennsylvania  has  a  human  health  criterion  of  20  fig/L  for  surface 
waten  (3561). 

RHODE  ISLAND 

Rhode  Island  has  an  acute  freshwater  quality  guideline  of  795  fig,!, 
and  a  chronic  guideline  of  18  fig/L  for  the  protection  of  aquatic  life  in 
surface  waten.  These  guidelines  are  enforceable  under  Rhode  Island 
state  law  (3590). 

SOUTH  DAKOTA 

South  Dakota  requires  chlorobenzene  and  monochlorobenzene  to  be 
nondetectable,  using  designated  test  methods,  in  ground-water  (3671). 

VERMONT 

Vermont  has  a  preventive  action  limit  of  50  fig/L  and  an  enforcement 
standard  of  100  fig/L  for  ground-water  (3682). 
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WISCONSTN 

Wisconsin  has  a  human  threshold  criterion  of  0.94  tng/L  for  Public 
Water  Supply  surface  waters  (3S42).  Wisconsin  has  also  set  a  taste 
and  odor  criterion  threshold  concentration  of  20  ng/L  for  surface 
waters  (3841). 

Proposed  Regulations 

•  Federal  Programs 

Safe  Drinking  Water  Act  (SDWA) 

In  November,  1985  EPA  proposed  an  RMCL  of  0.06  mg/L  for 
chlorobenzene.  In  May,  1989,  EPA  will  propose  a  maximum 
contaminant  level  (MCI.)  and  maximum  contaminant  level  goal 
(MCLG)  of  0.1  mg/L,  with  Gnai  action  scheduled  for  May,  1990 
(3759). 

Resource  Conservation  and  Recovery  Act  (RCRA) 

EPA  has  proposed  that  solid  wastes  be  listed  as  hazardous  in  that  they 
exhibit  the  characteristic  defined  as  EP  toxicity  when  the  TCLP  extract 
concentration  is  equal  to  or  greater  than  1.4  mg/L  chlorobenzene. 

Final  promulgation  ot'  this  Toxicity  Characteristic  Rule  is  expected  in 
June,  1989  (1565). 

•  State  Water  Programs 

MOST  STATES 

Most  states  are  in  the  process  of  revising  their  water  programs  and 
proposing  changes  to  their  regulations  which  will  follow  EPA’s  changes 
when  they  become  final.  Contact  with  state  officers  is  advised. 

Changes  are  projected  for  1989-90  (3683;. 

KANSAS 

Kansas  has  proposed  a  water  quality  standard  of  60  /ig/L  for  ground- 
water  (3213). 

MINNESOTA 

Minnesota  has  proposed  a  Recommended  Allowable  Limit  (RAL)  of 
300  ngfL  for  drinldng  water  (3451).  Minnesota  has  also  proposed  a 
Sensitive  Acute  Limit  (SAL)  of  4884  /ig/L  for  surface  waters,  and 
chronic  criteria  of  300  tigL  for  ground-water  and  109  ^g/L  for  surface 
water.  These  criteria  are  for  the  protection  of  human  health  (3452). 

NEW  JERSEY 

New  Jersey  has  proposed  a  water  quality  standard  of  4  /ig/L  for  class 
FW2  surface  waters  (3496). 
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EEC  Directives 

Directive  on  Ground-Water  (538) 

Direct  discharge  into  ground-water  (Le.,  without  percolation  through  the 
ground  or  subsoil)  of  organohalogen  compounds  and  substances  which 
may  form  such  compounds  in  the  aquatic  environment,  substances  which 
possess  carcinogenic,  mutagenic  or  teratogenic  properties  in  or  via  the 
aquatic  environment,  and  mineral  oils  and  hydrocarbons  is  prohibited. 
Appropriate  measures  deemed  necessary  to  prevent  indirect  discharge 
into  ground-water  (i.e.,  via  percolation  through  ground  or  subsoil)  of 
these  substances  shall  be  taken  by  member  countries. 

Directive  on  the  Quality  Required  of  Shellfish  Waters  (537) 

The  mandatory  specifications  for  organohalogenated  substances  specify 
that  the  concentration  of  each  substance  in  the  shellfish  water  or  in 
shellfish  flesh  must  not  reach  or  exceed  a  level  which  has  harmful 
effects  on  the  shellfish  and  larvae.  The  specifleatiens  for 
organohalogenated  substances  state  that  the  concentration  of  each 
substance  in  shellfish  flesh  must  be  so  limited  that  it  contributes  to  the 
high  quality  of  the  shellfish  product. 


ackacine  and  Labe 


Dangerous  Preparations  (Solvents)  (544) 

Chlorobenzene  is  listed  as  a  Class  Il/a  haimful  substance  and  is  subject 
to  packaging  and  labeling  regulations. 


Organohalogens,  carcinogens  or  substances  which  have  a  deleterious 
effect  on  the  taste  and/or  odor  of  human  food  derived  from  aquatic 
environments  cannot  be  discharged  into  inland  surface  waters,  territorial 
waters  or  internal  coastal  waters  without  prior  authorization  from 
member  countries  which  issue  emission  standards.  A  system  of 
zero-emission  applies  to  discharge  of  these  substances  into  ground-water. 

Directive  on  Toxic  and  Dangerous  Wastes  (542) 

Any  installation,  establishment,  or  under  taking  which  produces,  holds 
and/or  disposes  of  certain  toxic  and  dangerous  wastes  including  phenols 
and  phenol  compounds;  organic-halogen  compounds,  excluding  inert 
poly-meric  materials  and  other  substances  referred  to  in  this  list  or 
covered  by  other  Directives  concerning  the  disposal  of  toxic  and 
dangerous  waste;  chlorinated  solvents;  organic  solvents;  biocides  and 
phyto-  pharmaceutical  substances;  ethers  and  aromatic  polycyclic 
compounds  (with  carcinogenic  effects)  shall  keep  a  record  of  the 
quantity,  nature,  physical  and  chemical  characteristics  and  origin  of  such 
waste,  and  of  the  methods  and  sites  used  for  disposing  of  such  waste. 
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Substances  (787) 

Chlorobenzene  is  classified  as  a  harmful  substance  and  is  subject  to 
packaging  and  labeling  regulations. 


Resolution  on  a  Revised  List  of  Second-Category  Pollutants  (545) 
Chlorobenzene  is  one  of  the  second-category  pollutants  to  be  studied 
by  the  Commission  in  the  programme  of  action  of  the  European 
Commuiuties  on  Environment  in  order  to  reduce  pollution  and 
nuisances  in  the  air  and  water.  Risk  to  human  health  and  the 
environment,  limits  of  pollutant  levels  in  the  environment,  and 
determination  of  quality  standards  to  be  applied  will  be  assessed. 
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24.1  MAJOR  USES 

Chlorobenzene  is  used  mainly  as  a  solvent  and  degreasing  agent.  Chlorotenzene 
has  been  used  as  a  feedstock  in  the  production  of  phenol,  nitrobenzenes,  DDT  and 
aniline,  but  its  use  in  this  area  has  declined  due  to  restrictions  on  the  use  of  DDT 
and  replacement  of  chlorobenzene  by  cumene  in  the  manufacture  of  phenol  (3G, 

250). 

24.2  ENVIRONMENTAL  FATE  AND  EXPOSURE  PATHWAYS 

24.2.1  Transport  in  Soil/Ground-water  Systems 

24.2.1.1  Overview 

Chlorobenzene  may  move  through  the  soil/ground-water  system  when  pr-isent  at 
low  con.'%ntrations  (dissolved  in  water  and  sorbed  on  soil)  or  as  a  separate  organic 
phase  (resulting  from  a  spill  of  significant  quantities  of  the  chemical).  In  general, 
transport  pathways  of  low  soil  concentrations  can  be  assessed  by  estimating 
equilibrium  partitioning  as  shown  in  Fable  24-1. 

These  calculations  predict  the  partitioning  of  chlorobenzene  among  soil  particles, 
soil  water  and  soil  air.  Portions  of  chlorobenzene  associated  with  the  water  and  air 
phases  of  the  soil  have  higher  mobility  than  the  adsorbed  portion. 

Estimates  for  the  unraturated  topsoil  model  indicate  that  almost  98%  of  the 
chlorobenzene  is  expected  to  be  sorbed  onto  aoil  particles.  Approximately  1.5%  is 
expected  to  partition  to  the  soil-water  phase,  and  is  thus  available  to  migrate  by  bulk 
transport  (e.g.,  the  downward  movement  of  infiltrating  water),  dispersion  and 
diffusion.  For  the  small  portion  of  chlorobenzene  in  the  gaseous  phase  of  the  soil 
(approximately  0.7%),  diffusion  through  the  soil-air  pores  up  to  the  ground  surface, 
and  subsequent  removal  by  wind,  may  be  a  significant  loss  pathway. 

In  saturated,  deep  sods  (containing  no  soil  air  and  negligible  soil  organic  carbon), 
a  much  higher  fraction  of  the  chlorobenzene  (41.7%)  is  likely  to  be  present  in  the 
soil-water  phase  (Table  24-1)  and  available  for  transport  with  flowing  groundwater. 
Sorption  onto  deep  soils  is  expected  to  be  less  than  on  to  top  soils,  but  may  have 
some  effect  on  mobility.  Overall,  groundwater  underlying  chlorobenzene- 
contaminated  soils  with  low  organic  content  is  expected  to  be  vulnerable  to 
contamination. 
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TABLE  24-1 

EQUILIBRIUM  PARTmONING  CALCULATIONS  FOR 
CHLOROBENZENE  IN  MODEL  ENVIRONMENTS- 


Soil 

Environment 


Estimated  Percent  of  Total  Mass  of  Chemical  in  Each  Compartment 
_ _ Soil  _ Soil-Water  Soil-Air _ 


Unsaturated 
topsoil^ 
at  25®C 

Saturated 
deep  soil^ 


97.8 

1.5 

0.7 

58.3 

41.7 

a)  Calculations  based  on  Mackay’s  equilibrium  partitioning  model  (34,  35,  36);  see 
Introduction  for  description  of  model  and  environmental  conditions  chosen  to 
represent  an  unsaturated  topsoil  and  saturated  deep  soil.  Calculated  percentages 
should  be  considered  as  rough  estimates  and  used  only  for  general  guidance. 

b)  Utilized  soil  sorption  coefficient  estimated  with  equations  of 
Means  et  al.  (611):  K«  =  333. 

c)  Henry’s  law  constant  taken  as  3.46E-03  atm  •  mVmol  at  25®C  (74). 

d)  Used  sorption  coefficient  (K^)  calculated  as  a  function  of  Ko,  assuming  0.1%  , 
organic  carbon:  K,  -  0.001  x 


24.2.1.2  Sorption  on  SoQs 

The  mobility  of  chlorobenzene  in  the  soil/ground-water  system  (and  its  eventual 
migration  into  aquifers)  is  strongly  affected  by  the  extent  of  its  sorption  on  soil 
particles.  In  general,  sorption  on  soils  is  expected  to: 

-  increase  with  increasing  soil  organic  matter  content; 

-  mcrease  slightly  with  decreasing  temperature; 

-  increase  moderately  with  increasing  salinity  of  the  soil  water; 
and 

-  decrease  moderately  with  increasing  dissolved  organic  matter 
content  of  the  soil  water. 

Wilson  et  al.  (82)  investigated  the  transport  and  fate  of  1.04  mg/L  and  0.18  mg/L 
chlorobenzene  solutions  applied  to  sandy  soils.  Chlorobenzene  was  found  to  be 
relatively  mobile.  In  a  soil  column  receiving  1.04  mg/L  chlorobenzene,  approximately 
27%  was  volatilized,  25-33%  percolated  through  the  soil  column  with  minimal 
retardation,  and  40-50%  was  degraded  or  not  accounted  for;  for  the  0.18  mgl. 
solution.  54%  was  lost  due  to  volatilization,  26-34%  percolated  through  the  soil 
column,  and  12-20%  was  degraded  or  not  accounted  for. 
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Laboratoiy  sorption  studies  (608)  indicaie  that  sorption  of  chlorobenzene  (20 
HiP-)  by  sediments  and  aquifer  material  is  a  reversible  process.  Retardation  rates, 
which  represent  the  inwerstitial  water  velocity/pollutant  velocity  in  the  soil,  were 
reported  by  Wilson  et  al.  (82)  to  be  a  function  of  K«,  the  ratio  of  soil  density  (a)  to 
soil  water  content  (b),  and  the  organic  content  of  the  soil  according  to  the  following 
equation; 


R<  «  1  +  (a/b)K,„(oc) 

The  following  retardation  factors  have  been  calculated  for  chlorobenzene:  10  in 
river  sediments  (228),  1.7  in  aquifer  materials  (228),  and  1.9  in  sandy  soils  (82).  The 
data  indicate  some  retardation  (Le.,  adsorption)  in  soils  having  1-2%  organic  carbon 
and  little  or  no  retardation  in  deep  soils  having  less  than  0.1%  organic  carbon. 

24.2.1,3  Volatilizatioo  from  SoQs 

Transport  of  chlorobenzene  vapors  through  the  air-filled  pores  of  unsaturated 
soils  may  occur  in  near-surface  soils.  However,  only  a  small  pottion  of  the 
chlorobenzene  loading  is  expected  to  be  in  the  soil-air  compartment.  In  general, 
important  soil  and  environmental  properties  influencing  the  rate  of  volatilization 
include  soil  porosity,  temperature,  convection  currents  and  barometric  pressure 
changes;  important  physicochemical  properties  include  the  Henry’s  law  constant,  the 
vapor-soil  sorption  coefficient,  and,  to  a  lesser  extent,  the  vapor  phasedifTusion 
coefficient  (31). 

The  Henry’s  law  constant  (H),  which  provides  an  indication  of  a  chemical’s 
tendency  to  volatilize  from  solution,  is  expected  to  increase  significantly  with 
increasing  temperature.  Moderate  increases  in  H  have  also  been  observed  with  , 
increasing  salinity  and  the  presence  of  other  organic  compounds  (18).  'These  results 
suggest  that  the  presence  of  other  materials  may  significantly  affect  the  volatilization 
of  chlorobenzene  from  surface  soils. 

No  information  was  available  for  the  two  other  physicochemical  propertier 
influencing  chlorobenzene  volatilization,  i.e.,  the  vapor-soil  sorption  coefficient  and 
the  vapor  phase  diffusion  coefficient. 

Half-lives  for  the  volatilization  of  chlorobenzene  from  aerated  and  unaerated 
aqueo'is  solutions  in  the  laboratory  were  calculated  to  be  about  0.5  hours  and  9 
hours,  respectively  (10).  Compared  to  volatilization  from  well-stirred  aqueous 
solutions,  volatilization  from  surface  soil  was  shown  to  be  approximately  cne  order  of 
magnitude  slower  for  some  chlorinated  organics  (82). 

Wakeham  et  al.  (527)  examined  the  fate  and  persistence  of  chlorobenzene  in 
coastal  seawater.  Half-lives  obtained  for  chlorobenzene  in  the  water  rxjlumri  were  21 
days  under  sp.ing  conditions,  4.6  days  under  summer  conditions,  and  13  days  under 
winter  conditions.  Volatilization  was  identified  as  the  major  removal  process  although 
biodegradation  of  chlorobenzene  was  also  important  in  summer. 
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24^  Traosfonnatioo  Procenes  in  Scjl/Gfound-water  S3ntemt 

The  persistence  of  chlorobenzene  in  soiJ/ground-water  systems  is  not  well 
documented.  In  most  cases,  it  should  be  assumed  that  chlorobenzene  will  persist  for 
months  to  years  (or  more).  Chlorobenzene  that  has  been  released  from  the  soil  into 
the  air  will  eventually  undergo  photochemical  oxidation;  an  atmospheric  residence 
time  of  13  days  has  been  reported  for  chlorobenzene  (601). 

No  information  on  the  hydrolysis  of  chlorobenzene  was  available;  under  normal 
environmental  conditions,  hydrolysis  is  not  expected  to  occur  at  ^  rate  competitive 
with  volatilization  or  biodegradation. 

Several  authors  have  reported  the  biodegradation  of  chlorobenzene  partrularly 
by  acclimated  microbial  populations.  Chlorobenzene  has  been  reported  to  be 
metabolized  by  benzene-acclimated  sludge  (603)  and  by  phenol-acclimated  sludge 
(604).  Gibson  ct  al.  (602)  indicated  that  a  soil  microbe.  Pseudomonas  putida.  could 
degrade  chlorobenzene  if  initially  grown  on  an  aromatic  hydrocarboi.  source  such  as 
toluene.  Wilson  et  al.  (82)  reported  that  chlorobenzene  applied  to  soil  at  0.18  mg/L 
was  not  degraded  while  a  major  fraction  of  the  chlorobenzene  applied  a*  1.04  mg/L 
may  have  degraded. 

The  biodegradation  of  chlorobenzene  in  coastal  waters  has  been  reported  (605, 
527).  Pfae.nder  and  Bartholomew  (605)  indicate  that  the  rate  of  biodegrada'ion  in  a 
marine  water  sample  was  significantly  lower  than  that  in  estuarine  or  upstream 
samples.  Lee  and  Ryan  (606)  examined  chlorobenzene  biodegradation  in  river  water 
and  sediments.  The  degradation  in  water  was  slow,  and  in  the  sediment  samples 
chlorobenzene  was  found  to  have  a  half-life  of  75  days. 

Wilson  et  al.  (236)  studied  chlorobenzene  biodegradation  in  samples  of  two 
aquifer  materials;  chlorobenzene  degraded  slowly  in  material  from  one  site,  while  no 
degradation  was  detected  in  material  from  the  second  site.  No  degradation  of 
chlorobenzene  was  observed  after  injection  into  ground  water  (597). 

In  most  soil/gre  und-water  systems,  the  cprccniration  of  microorganisms  capable 
of  biodegrading  chemicals  such  as  chlorobenzene  is  expected  to  be  low  and  to  drop 
off  sharply  with  increasing  depth.  Thus,  bioderradation  in  the  deep  soil/ground-water 
system  should  be  assumed  to  be  of  mimmai  importance  except,  perhaps,  near  landfills 
with  active  microbiological  populations. 

2423  Primary  Routes  of  Exposure  From  SoO/Ground-water  Systems 

The  above  discussion  of  fate  pathways  suggests  that  chloroberizene  is  highly 
volatile  from  aqueous  solutions,  moderately  adsorbed  by  soil,  and  has  a  low  potential 
for  bioaccumulation.  This  compound  may  volatilize  from  soil  surfaces.  Through  time, 
the  portion  not  subject  to  volatilization  is  likely  to  be  mobile  in  ground  water.  These 
fate  characteristics  suggest  several  potential  exposure  pathways. 
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Volatilization  of  chlorobenzene  from  a  disposal  site,  particularly  during  drilling  or 
restoration  activities  could  result  in  inhalation  exposures.  There  is  a  potential  for 
ground  water  contamination,  particularly  in  sandy  soil.  Mitre  (83)  reported  that 
chlorobenzene  has  been  found  at  20  of  the  546  National  Priority  List  (NPL)  sites.  It 
was  detected  at  17  sites  in  groundwater  and  7  sites  in  surface  water. 

This  compound  was  reported  in  the  Groundwater  Supply  Survey  (GWSS)  as 
shown  below  (531): 


Median  of 

Occurrences*  Positives  Maximum 


Random 

Supplies  serving 

<10,000  people 
(280  samples) 

0 

0 

_ _ 

Supplies  serving 

>10,000  people 
(186  samples) 

0 

0 

• 

- 

Non-Random 
Supplies  serving 

<10,000  people 
(321  samples) 

1 

0.3 

2.7 

2.7 

Supplies  serving 

>10,000  people 
(158  samples) 

0 

0 

- 

• 

'Samples  having  levels  over  quantification  limit  of  0.5  ^g/L 

The  random  results  are  intended  to  statistically  represent  the  U.S.  ground-wa'.er 
drinking  water  supplies.  The  non-random  samples  were  chosen  by  the  states  as  being 
potentially  contaminated.  Chlorobenzene  has  also  been  detected  in  the  National 
Organic  Monitoring  Survey  (NOMS)  (90).  Coniglio  et  al.  (223)  in  a  summary  of  data 
from  SRT,  NOMS  and  NORS,  found  that  chlorobenzene  was  found  at  a  frequency  of 
7.1%  in  finished  ground  water. 

The  properties  of  chlorobenzene  and  the  survey  results  above  indicate  that  this 
compound  has  a  potential  for  movement  in  soil/groundwater  systems  close  to  the 
source  (83).  The  lack  of  detection  in  the  GWSS  (531)  suggests  adsorption  or 
biodegradation  is  ccurring  as  the  compound  moves  from  the  source.  If  this 
compound  reaches  surface  waters  in  ground  water,  several  other  exposure  pathways 
are  possible: 

•  Surface  waters  nay  be  used  as  drinking  water  supplies,  resulting  in  direct 
ingestion  exposures; 

•  Aquatic  organisms  residing  in  these  waters  may  be  "onsumed,  also 
resulting  in  ingestion  exposures; 
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•  Recreational  use  of  these  waters  may  result  in  dermal  exposures; 

•  Domestic  animals  may  consume  or  be  deimally  exposed  to  contaminated 
ground  or  surface  waters;  the  consumption  of  meats  and  poultry  could 
then  result  in  ingestion  exposures. 

In  general,  exposures  associated  with  surface  water  contamination  can  be 
expected  to  be  lower  than  exposures  from  drinking  contaminated  ground  water  for 
several  reasons.  First,  the  Henry's  law  constant  for  chlorobenzene  suggests  that  it 
will  volatilize  upon  reaching  surface  waters.  Secondly,  because  chlorobenzene  is 
moderately  adsorbed,  the  concentration  reaching  surface  waters  will  be  attenuated 
through  adsorption  to  sediments.  In  addition,  the  BCF  for  this  compound  is  low, 
suggesting  that  accumulation  by  aquatic  organisms  and  domestic  animals  is  not 
expected  to  be  a  primary  exposure  pathway. 

24.24  Other  Sources  of  Exposure 

The  volatility  of  chlorobenzene  suggests  that  it  may  be  found  in  air.  Brodzinsky 
and  Singh  (84)  compiled  all  available  atmospheric  data  for  a  number  of  volatile 
organics.  For  chlorobenzene  they  had  data  for  1192  locations.  For  urban  and 
suburban  areas,  the  median  concentration  was  1.5  ng/m\  In  source-dbminated 
locations,  the  median  concentration  was  0.14  ^g/m’.  The  lower  median  concentration 
in  source-dominated  areas  was  not  explained  by  the  authors  but  is  probably  an 
artifact  of  the  sampling  locations  included  in  each  category.  These  results  suggest  the 
possibility  of  inhalation  exposure  to  chlorobenzene. 

The  result  of  the  GWSS  study  (531)  reported  above  suggest  that  chlorobenzene 
is  not  commonly  found  in  drinking  water,  particularly  that  obtained  from  ground 
water.  There  is  a  lack  of  data  on  the  occurrence  of  chlorobenzene  in  finished 
surface  water  supplies.  There  has  been  concern  regarding  the  inadvertent  production 
of  chlorobenzenes  through  chlorination  of  efOuents  containing  benzene.  The  data 
that  exist  seem  to  indicate  that  chlorination  is  not  a  significant  inadvertent  source 
(265). 

243  HUMAN  HEALTH  CONSIDERATIONS 

243.1  Animal  Studies 

243.1.1  CarciDOgenicity 

A  103  week  carcinogenicity  study  was  carried  out  by  the  NT?  in  F344/N  rats  and 
B6C3F,  mice  (3922).  Rats  of  both  sexes  and  female  mice  were  given  doses  of  60  or 
120  m^g.  Male  mice  received  doses  of  30  or  60  mg^g.  Chlorobenzene  was 
administered  in  com  oil  by  gavage  5  days  per  week.  Additional  groups  of  animals 
served  as  vehicles  or  untreated  controls.  Carcinogenic  effects  were  not  observed  in 
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either  sex  of  mice  or  in  female  rats.  However,  the  frequency  of  high-dose  male  rats 
with  neoplastic  nodules  of  the  liver  was  slightly  increas^  (p<0.05),  providing  some, 
but  not  definitive,  evidence  of  carcinogenic  activity. 

243.1.2  Genotancity 

In  an  in  vivo  micronucleus  test,  Mohtashamipur  et  al.  (3464)  injected  8-week  old 
male  NMRI  mice  intraperitoneally  with  225,  450,  675,  or  900  mg  of  chlorobenzene/kg 
body  weight  Each  dose  was  administered  in  two  injections,  24  hours  apart  and  the 
animals  were  sacrificed  6  hours  after  the  last  injection.  Statistically  significant  dose- 
related  increases  in  micronuclei  were  observed  in  the  bone  marrow  cells  (3464).  In 
an  in  vitro  human  lymphoid  cell  culture  study,  no  increase  in  sister  chromatid 
exchanges  or  chromosome  aberrations  was  observed  when  4^g/mL  chlorobenzene  was 
added  to  the  cultures  (3667). 

Although  positive  mutagenic  findings  were  reported  in  tests  with  Streptomyces 
and  Saccharomvces.  several  other  bacterial  and  mammalian  tissue  culture  systems  were 
negative  (597).  Three  publications  reported  negative  effects  in  the  Salmonella/ 
microsome  assay  (3646,  3276,  3508). 

243.13  Teratogecidty,  Embryotcnddty  aixl  Reproductive  Effects 

The  teratogenicity  of  chlorobenzene  was  evaluated  in  rats  and  rabbits  that  were 
exposed  to  vapor  concentrations  of  75,  210  or  590  ppm  (345,  966  or  2714  mg/m’)  6 
hours  per  day  on  gestational  days  6  through  15  for  rats  and  days  6  through  18  for 
rabbits  (256).  In  rats,  maternal  liver  weights  were  elevated  and  maternal  bodyweights 
and  feed  consumption  were  decreased  at  the  highest  concentration,  but  in  the 
offspring,  there  was  no  evidence  of  teratogenicity  or  embryotoxicity.  In  the  rabbits, 
maternal  liverweights  were  elevated  at  the  highest  concentration  and  the  offspring 
exhibited  a  variety  of  malformations  at  all  concentrations.  However,  these  effects 
were  not  dose  related  and  were  present  in  the  controls,  as  well.  To  ascertain 
whether  the  anomalies  were  a  true  effect  of  treatment,  additional  groups  of  rabbits 
were  exposed  to  10,  30,  75  or  590  ppm  (46,  138,  345  or  2714  mg/m’)  within  the  same 
parameters.  The  incidences  of  malformations  in  these  groups  were  not  significant  in 
comparison  to  the  controls,  leading  the  investigators  to  conclude  that  chlorobenzene 
was  not  embryotoxic  or  teratogenic  in  rabbits. 

In  a  two-generation  reproductive  toxicity  study,  male  and  female  rats  were 
exposed  by  inhalation  to  vapors  of  chlorobenzene  at  concentrations  of  50,  150,  or  450 
ppm  (3478).  No  adverse  effects  on  reproductive  performance  or  fertility  of  the  males 
or  females  were  observed;  however,  the  incidence  of  bilateral  degeneration  of  the 
testicular  germinal  epithelium  was  increased  among  F,  adults  in  the  450  ppm  group 
and  in  the  F,  males  of  the  150  and  450  ppm  groups.  In  addition,  hepato-  cellular 
hypertrophy  and  renal  changes  were  observed  in  the  F»  and  F,  male  rats  cjqxKed  to 
150  and  450  ppm  of  chlorobenzene. 

Decreased  spermatogenesis  (sperm  formation)  and  tubular  atrophy  were  noted  in 
three  of  four  dogs  given  272.5  mg^g/day  of  chlorobenzene  orally  for  13  weeks; 
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however,  this  dose  was  sufEciently  toxic  that  dogs  died  or  were  moribund  (615).  A 
subsequent  inhalation  study  indicated  bilateral  atrophy  of  the  epithelial  tissue  in  the 
seminiferous  tubules  (major  msss  of  the  testis)  in  two  of  four  dogs  exposed  to  2  mg/L 
chlorobenzene  vapor  (434  ppm)  for  6  bours/day,  5  days  a  week  for  a  total  of  62 
exposures.  This  effect  was  not  seen  in  similarly  expo^  dogs  at  the  concentration  of 
1.47  mgA-  (319  ppm)  (252). 

243.1.4  Other  Tosioologic  Effects 

243.1.4.1  Sbort-teroi  Toxicity 

The  acute  toxic  effects  of  chlorobenzene  are  similar  to  those  of  the  chlorinated 
hydrocarbons.  In  particular,  the  chemical  is  a  CNS  depressant  (3906).  Single  oral 
doses  of  chlorobenzene  were  lethal  at  levels  of  4000  mg/kg  in  male  and  female  rats, 
1000  fflg/kg  and  greater  in  male  mice,  and  2000  mg/kg  and  greater  in  female  mice 
(3922).  Most  deaths  occurred  within  a  few  days  of  administration.  In  the  rats, 
symptoms  of  toxicity  that  included  transient  ataxia,  labored  breathing,  and  prostration, 
were  dose-related  at  2000  and  4000mg/kg.  Hyperpnea  was  frequently  observed  in  all 
treated  rats. 

Cats  exposed  to  a  vapor  concentration  of  8000  ppm  experienced  severe  narcosis 
after  30  minutes  and  died  2  hours  after  removal  from  exposure  (3910).  Levels  of  660 
ppm  were  tolerated  for  hours  without  significant  effects  (3918).  No  effects  were 
observed  in  rats,  rabbits  and  guinea  pigs  exposed  to  200  ppm  (vapor),  7  hours  per 
day  5  days  per  week  for  a  total  of  32  exposures  (3918).  At  475  ppm,  there  was  a 
slight  increase  in  liver  weight  as  well  as  minor  pathological  liver  changes.  At  a 
concentration  of  1000  ppm,  there  were  lesions  in  the  livers,  kidneys  and  lungs  of  all 
species  as  well  as  a  slight  depression  in  growth.  Guinea  pigs  showed  a  higher  than 
average  mortality;  there  was  no  mortality  in  rats  or  rabbits.  Blood  was  normal  in  all 
animals. 

To  test  the  effects  of  inhaled  chlorobenzene  on  the  mouse  lung  host  defenses, 
CDl  mice  were  exposed  to  75  ppm  (the  threshold  limit  value  (TLVt]  of  the  chemical 
in  a  single  3-hour  or  five  daily  5  hour  exposures,  infected  with  Streptococcus 
zooepidemicus  (Group  C),  and  monitored  for  ensuing  deaths  from  respiratory 
infection  over  14  days  (3S93).  Chlorobenzene,  at  the  TLV  in  single  or  multiple  ex¬ 
posures,  did  not  produce  significant  changes  in  mortality,  indicating  that  the  chemical 
did  not  alter  the  susceptibility  of  the  mouse  to  respiratory  infection. 

Eye  contact  with  chlorobenzene  may  result  in  pain  and  transient  conjunctival 
irritation  (3917).  No  corneal  injury  has  been  observed  (3918).  Prolonged  skin 
contact  with  chlorobenzene  may  al^  be  painful  (3917)  and  moderately  irritating 
(3918). 
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243.1.4^  ChnMiic  Tcnid^ 


Chronic  administration  of  chlorobenzene  produces  pathological  changes  of  the 
liver  and  kidneys.  F-344/N  rats  and  B6C3F,  mice  (lO/s^dose)  received 
chlorobenzene  doses  of  0,  60,  125,  250,  500,  or  750  mg/kg  by  gavage  5  d/wk  for  13 
wk  (3922).  The  animals  were  closely  observed  throughout  the  treatment  period  for 
signs  of  toxicity,  and  at  the  end  of  treatment  urine  samples  were  obtained  and 
subjected  to  various  chemical  analyses.  Blood  samples  were  assayed  for  various 
hematological  and  chemical  constituents,  and  several  tissues  and  all  gross  lesions  were 
examined  microscopically.  Survival  was  reduced  by  doses  of  500  mg/kg  and  higher  in 
rats,  and  by  doses  of  250  mg/kg  and  higher  in  mice.  Dose-dependent  necrosis  of  the 
liver,  degeneration  or  focal  necrosis  of  the  renal  proximal  tubules,  and  lymphoid 
depletion  of  the  spleen,  bone  marrow,  and  thymus  were  produced  by  chlorobenzene 
doses  of  250  mg/kg  or  greater  in  both  sexes  of  rats  and  mice.  However,  the 
incidences  of  these  lesions  varied  considerably  according  to  sex  and  species.  A  mild 
porphyrinuria  was  detected  at  the  higher  doses,  but  there  were  no  consistent  changes 
in  the  elements  of  the  circulating  blood.  Toxic  effects  were  not  observed  at  doses  of 
125  mg/kg  or  less. 


Dogs  administered  chlorobenzene  capsules  in  doses  of  27.25  or  54.5  mg/kg/day,  5 
days  per  week  for  93  days  exhibited  no  effect.  At  a  dosage  of  272.5  rog/kg/day, 
however,  50%  of  the  animals  died  after  14  to  21  doses.  Pathological  changes  in  the 
liver,  kidney  and  bone  marrow  were  evident.  This  dosage  also  produced  a  reduction 
in  blood  sugar,  an  increase  in  immature  white  blood  cells  and  elevated  serum  liver 
enzymes  (253,  615). 


A  dosage  of  376  mg/kg/day,  5  days  per  week  for  192  days  caused  cirrhosis  and 
decreased  spleen  weight  in  rats.  Slight  increa'es  in  liver  and  kidney  weights  were 
observed  at  188  mg/kg/day,  with  the  no-observed-adverse-effect-level  being  18.8 
mg/kg/day  (254).  Similar  observations  were  noted  in  another  study  in  which  rats  were 
administered  14.4,  144  or  288  mg/kg/day,  orally,  5  days/week  over  a  192-day  period 
(3906).  No  observable  effects  were  noted  for  tlie  14.4  mg/kg  treatment  group.  A 
slight  decrease  in  growth  was  noted  at  the  intermediate  levci,  from  which  the  rats 
recovered,  while  significant  increases  in  liver  and  kidney  weights  and  slight  liver 
pathology  were  seen  at  the  top  treatment  level.  Blood  and  bone  marrow  were 
normal  in  all  rats. 

There  is  limited  evidence  to  indicate  that  chlorobenzene  may  affect  the 
hemopoietic  system  (3956).  Male  albino  rats  were  treated  with  chlorobenzene  doses 
of  0.001,  0.01,  or  0.1  mg/kg  by  gavage  for  9  months.  Doses  of  0.1  mg/kg  produced 
inhibition  of  erythropoiesis  (statistically  significant),inhibition  of  mitotic  activity  in  the 
marrow,  thrombocytosis,  and  eosinophilia.  IDoses  of  0.1  mg/kg  also  inhibited  higher 
nervous  activity.  In  addition,  alkaline  phosphatase  and  serum  transaminase  activities, 
and  hepatic  and  renal  acid  phosphatase  activities  were  increased,  but  whole  blood  SH 
groups  and  hepatic  and  renal  alkalinephos  phat.ise,  DPN,  TPN,  succinic 
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dehydrogenase,  gIucose-6-phosphatase,  and  alphaglycerophosphate  were  reduced. 
Microscopic  examination  revealed  no  evidence  of  carcinogenic  activity. 

2432  Human  and  Epidemiohagjc  Studies 

2432.1  Short-term  Toxioologic  Effects 

In  humans,  the  most  common  symptoms  of  acute  exposure  to  chlorobenzene  are 
the  same  as  those  for  the  chlorinat^  hydrocarbons:  mainly  dizziness,  drowsiness, 
nausea,  vomiting,  weakness  and  headache  (2).  Irritation  of  the  eyes  and  mucous 
membranes  of  the  respiratory  tract  occur  after  a  few  minutes  exposure  to  200  ppm  of 
the  vapor  (38).  Sldn  contact  may  result  in  minor  irritation!  Prolonged  or  repeated 
contact  may  result  in  sldn  burns  (46). 

In  one  case  of  accidental  poisoning,  a  two-year-old  chi  d  who  swallowed  5  to  10 
mL  of  a  cleaning  agent  containing  chlorobenzene  lost  consciousness  within  two  hours. 
The  child  was  cyanotic  and  had  no  detectable  reflexes,  displayed  head  and  neck 
twitching  and  suffered  heart  failure.  He  recovered  conscio^ness  after  approximately 
three  hours  and  all  signs  had  returned  to  normal  by  eight  hours  (260). 

24322  Chronic  Toxioologic  Effects 


There  are  only  a  few  reports  of  long-term  human  exposure  to  chlorobenzene. 
Severe  anemia  was  reported  in  an  elderly  woman  who  had  been  chronically  exposed 
to  a  glue  containing  70%  chlorobenzene.  Early  complaints  included  headache  and 
irritation  of  the  eyes  and  upper  respiratory  tract.  Factory  vrorkers  exposed  to 
unknown  vapor  levels  of  chlorobenzene  for  1  to  2  years  su^ered  from  headache, 
dizziness,  drowsiness  and  digestive  disorders.  Eight  of  the  28  workers  had  tingling 
and  numbness  of  the  extremities  and  eight  had  h)'peresthesia  (abnormally  increased 
sensitivity  of  the  skin)  of  the  hands  (259,  261). 

2433  Levels  of  Coocern 


The  U.S.  Environmental  Protection  Agency  (355)  has  established  an  ambient 
water  quality  criterion  of  488  ^g/L  for  the  protection  of  human  health  from  the  toxic 
properties  of  chlorobenzene  ingested  through  water  and  contaminated  aquatic 
organisms.  This  criterion  is  based  on  the  no-observed-effeci  level  of  14.4  mg/lcg/day 
reported  for  rats  orally  administered  chlorobenzene  over  a  ^riod  of  6  months  (251). 
Applying  an  uncertainty  factor  of  1000,  the  acceptable  dailyi  intake  of  chloro-benzene 
for  a  70-kg  man  was  calculated  to  be  1.008  mg/day.  A  MCLG  and  MCL  for  chloro¬ 
benzene  in  drinking  water  of  100  /ig/L  has  been  proposed  by  the  USEPA  (3883). 

I 

I 

Both  OSHA  (3539)  and  the  ACGIH  (3005)  have  set  an  occupational  exposure  8- 
hr  TWA  of  75  ppm  (350  mg/m’)  for  chlorobenzene,  based  bn  preventing  narcosis  or 
chronic  poisoning. 
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243.4  Hazard  Asaatsment 

The  extent  of  available  effects  data  for  humans  exposed  to  chlo;‘obenzene  is 
inadequate  to  determine  with  any  confidence  the  potential  health  hazards  associated 
with  exposure  to  this  compound.  Rather  meager  data  indicate  that  workers  exposed 
intermittently  to  chlorobenzene  vapors  for  up  to  two  years  exhibited  signs  of 
neurotoxicity  (259,  261).  Another  report  noted  head  and  neck  twitching  in  a  child 
who  acddentally  ingested  a  small  volume  (5-lOmL)  of  chlorobenzene  (260).  These 
i.:ports  are  inadequate  to  establish  whether  these  effects  are  reversible  or  if  there  are 
other  toxic  effects  in  humans  exposed  to  chlorobenzene. 

Animal  studies  indicate  acute  exposures  to  chlorobenzene  can  induce  sensory 
irrilat'on  of  the  respiratory  tract  after  a  few  minutes;  longer  exposures  can  result  in 
narcosis  and  CNS  depression. 

Chlorobenzene  administered  to  rats,  rabbits  and  dogs  at  moderate  to  high  doses 
by  ahalation  or  oral  routes  caused  hepatic  and  renal  toxicity  manifested  by  increased 
ver  and  kidney  weights,  pathological  cliarges  and  elevated  serum  enzymes. 

Carcinogenicity  was  not  definitively  demonstrated  in  an  NTP  study  (255) 
conducted  with  rats  and  mice,  but  high-dose  male  rats  (120  mg/kg/day  orally) 
displayed  a  marked  increase  in  neoplastic  nodules  of  the  liver.  Limited  mutagenic 
evidence  is  conflicting. 

Repeated  exposures  to  chlorobenzene  at  uear-lethal  levels  of  272.5  mg/kg/day 
(oral)  or  2  mg/L  ("434  ppm  vapor)  induced  atrophy  of  the  epithelial  tissue  in  the 
seminiferous  tubules  and  decrea^  spermatogenesis  in  dogs  (615,  252).  No  increase 
in  malformations  were  noted  in  rats  and  rabbits  exposed  to  590  ppm  chlorobenzene 
vapor  during  gestation  (256). 


24.4  SAMPLING  AND  ANALYSIS  CONSIDERATIONS 

Determination  of  chlorobenzene  concentrations  in  soil  and  water  requires 
collection  of  a  representative  field  sample  and  laboratory  analysis.  Due  to  the 
volatility  of  chlorobenzene,  care  is  required  to  prevent  losses  during  sample  collection 
and  storage.  Soil  and  water  samples  should  be  collected  in  airtight  containers  with  no 
headspace;  analysis  should  be  completed  within  14  days  of  sampling.  However,  recent 
studies  (3430)  show  large  losses  of  volatiles  from  soil  handling.  At  the  present,  the 
best  procedure  is  to  collect  the  needed  sample  in  an  EPA  VOA  vial,  seal  with  a  foil- 
lined  septum  cap,  and  analyze  the  entire  contents  in  the  vial  using  a  modified  purge 
and  trap  apparatus.  In  addition  to  the  targeted  samples,  quality  control  samples  such 
as  field  blanks,  duplicates,  and  spiked  matrices  may  be  specified  in  the  recommended 
methods. 
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EPA-approved  procedures  for  the  analysis  of  chlorobenzene,  one  of  the  EPA 
priority  pollutants,  in  aqueous  samples  include  FPA  Methods  601,  602,  624,  1624 
(65),  and  8010,  8020,  and  8240  (63).  An  inert  gas  is  bubbled  through  the  aqueous 
sample  in  a  purging  chamber  at  ambient  temperature,  transferring  the  chlorobenzene 
from  the  aqueous  pba^e  to  the  vapor  phase  and  onto  a  sorbent  trap.  The  trap  is 
then  heated  and  backQushed  to  desorb  the  chlorobenzene  and  transfer  it  onto  a  gas 
chromatographic  (GC)  column.  The  GC  column  is  programmed  to  separate  the 
volatile  organics;  chlorobenzene  is  then  detected  with  a  hah'de  specific  detector 
(Methods  601  and  80101,  a  photo-ionization  detector  (Methods  602  and  8020),  or  a 
mass  spectrometer  (Methods  624,  1624,  and  8240). 

The  EPA  procedures  recommended  for  chlorobenzene  analysis  in  soil  and  waste 
samples.  Methods  8010,  8020  and  8240  (63),  differ  from  the  aqueous  procedures 
primarily  in  the  method  by  which  the  analyte  is  introduced  into  the  GC.  The 
recommended  method  involves  dispersing  the  soil  or  waste  sample  in  methanol  to 
dissolve  the  chlorobenzene.  Hexane  has  also  been  used  to  extract  chlorobenzene 
(3169)  for  analysis  by  capillary  GC.  A  portion  of  the  solution  is  then  combined  with 
water  and  purged  as  described  above.  Other  sample  introduction  techniques  include 
direct  injection  and  a  headspace  method  where  an  aliquot  cf  the  vapor  above  the 
sample  in  a  sealed  vial  is  analyzed.  Recoveries  for  the  headspace  technique  may  vary 
depending  upon  the  concentration  (3355). 

Typical  chlorobenzene  detection  limits  that  can  be  obtained  in  wastewaters  and 
non-aqueous  samples  (wastes,  soils,  etc.)  are  shown  below.  The  actual  detection  limit 
achieved  in  a  given  analysis  will  vary  with  instrument  sensitivity  and  matrix  effects. 


Aqueous  Detection  Limit 

0.25  /ig/L  (Method  601) 
0.2  ng/L  (Method  602) 
6.0  tig/L  (Method  624) 
10  tig/L  (Method  1624) 
ZO  fig/L  (Method  8020) 
5  fig/L  (Method  8240) 
2J  ng/L  (Method  8010) 


Non-Aoueous  Detection  Limit 

25  fig/kg  (Method  8010) 

2.0  fig/kg  (Method  8020) 

5  Mg/kg  (Method  8240) 
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COMMON 

SYNONYMS: 

l^-DtcbioroOeazetK 

DCB 

o-DichkxobenzeDf 

o-Dtctalorobenzoi 

ODB 


CAS  REG.NO.: 

95-50-1 
NIOSH  NO: 
C24500000 


STRUCTURE- 


FORMUEt 

C*HA 


AIR  W/V  CONVERSION 
FACTOR  at  25*C  (12) 

6.01  mgto’  -  1  ppm; 
0.1663  ppm  »  1  mg/m’ 


MOLECULAR  WEIGHT: 
147.0 


Reactions  of  halogenated  organic  materials  such  as 
l,2-<lich!orobenzeDe  with  cyanides,  mercaptans  or  other 
organic  sulfides  typically  generate  heat,  while  those  with 
amines,  azo  compounds,  hydrazines,  caustics  or  nitrides 
commonly  ev'olve  heat  and  toxic  or  flammable  gases.  Reac¬ 
tions  with  oxidizing  mineral  acids  may  generate  heat,  toxic 
gases  and  Ores.  Those  with  alkali  or  alkaline  earth  metals, 
certain  other  chemically  active  elemental  metals  like 
aluminum,  zinc  or  magnesium,  organic  peroxides  or  hydro¬ 
peroxides,  strong  oxidizing  agents,  or  strong  reducing  agents 
typically  result  in  heat  generation  and  explosions  and/or 
fires  (511,505). 


•  Physical  State:  Liquid 

(at  20“C) 

•  Color:  (;k)lorless 

•  Odor:  Aromatic 

•  Odor  'fhreshold:  50  ppm 

PHYSICO-  •  Density:  1.3060  g/mL  (at  20“C) 
CHEMICAL  •  Freeze, /Melt  Point:  .17.0(rC 

DATA  •  Boiling  Point:  180.40®C 

•  Flash  Point:  71.00®C  closed  cup 

•  Flammable  Limits:  2.20  to  9.20% 

by  volume 

I*  Autoignition  Temp.:  648.0°C 
•  Vapor  Pressure:  9.60E-01  mm  Hg 
(at  2(rC) 


(38.60.506) 

(38.60.506) 

(1219) 


25-2 


U-DICHLOROBENZO^E 


•  Satd.  Cone,  in  Air;  8.0000E+03 

mg/m’  (at  20“C) 

(67) 

•  Solubility  in  Water;  l.OOE+02 

mg/L  (at  20“C) 

(67) 

•  Viscosity;  1.302  cp  (at  20®C) 

(67) 

PHYSICO- 

•  Surface  Tension;  3.660CE+01 

CHEMICAL 

dyne/cm  (at  20“C) 

(21) 

DATA 

•  Log  (Octanol-Water  Partition 

(Cont.) 

Coeff.);  3.38 

(29) 

•  Soil  Adktrp.  Coeff.;  1.16E+03 

(652) 

•  Henry’s  Law  Const.;  1.88E-03 

atm  •  mVmol  (at  25®C) 

(74) 

•  Bioconc.  Factor;  8.90E+01 

(bluegills),  1.15E+02  (estim) 

(278,659) 

PERSISTENCE 

1,2-DichIorobenzene  is  expected  to  have  liniiled  mobility 
in  soils,  particularly  soils  ’jvith  1-2%  organic  carbon 
content;  some  migration  wiih  soil  water  may  be  obre.ved 
in  deep  soils  or  sandy  soils.  Penisteiice  of  1.2-dichioro- 

IN  THE  SOIL- 

benzene  is  probably  high.  Only  a  small  fraction  is 

WATER 

expected  to  be  available  to  volatilize,  and  biodegradation 

SYSTEM 

is  not  expected  to  be  significant. 

PATHWAYS 

1,2-Dichlorobenzene  is  expect^  to  have  limited  nobility 
in  soils,  particularly  soils  with  1-2%  organic  carbon 
content;  some  migration  with  soil  water  may  be  observed 

OF 

in  deep  soils  or  sandy  soils.  Persistence  of  1,2-dichloro- 

EXPOSURE 

benzene  is  probably  high.  Only  a  small  fraction  is  ex- 

pected  to  be  available  to  volatilize,  and  biodegradation  is 
not  expected  to  be  significant. 
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HEALTH 

HA2LARD 

DATA 

Signs  and  Symptoms  of  Short-term  Human  Exposure: 

m _ ^ _ 

l^-Dichlorobenzcne  vapor  may  cause  irritation  of  the 
upper  respiratory  tract.  Drowsiness,  headache,  nausea 
and  dizziness  may  also  result.  Skin  contact  with  the 
liquid  causes  burning  and  dermatitis.  Both  the  vapor 
and  the  liquid  are  irritating  to  the  eyes. 

Acute  Toxicitv  Studies  OSOil 

INHALATION: 

LQ^  4808  mg/m’  •  24  hr  Guinea  Pig 

LQo  4934  mg/m’  •  Thr  Rat 

ORAL: 

LDsa  500  mg/kg  Rat 

LDlo  2  g/kg  Guinea  Pig 

LDj«  500  mg/kg  Rabbit 

Long-Term  Effects:  Liver  and  kidnev  iniurv 
Pregnancy/Neonate  Data:  Not  teratogenic  or  embryo- 
toxic  in  rats  at  doses  causing  slight  maternal  toxicit}'(400 
ppm  6  hr/dav/on  davs  6-15  of  eestationV 

Genotoxicitv  Data:  Sueeestive  evidence  of  cenotoxicitv 
Carcinogenicity  Gassification: 
lARC  -  Group  3 

NTP  -  No  evidence 

EPA  -  Group  D  (not  classifiable  as  to  human 
carcinogenicity) 

HANDLING 

PRECAUTIONS 

(38,54) 

Handle  chemical  only  with  adequate  ventilation 

•  Vapor  concentrations  of  50-1000  ppm:  chemical  car¬ 
tridge  respirator  with  full  facepiece  and  organic  vapor 
cartridge  •  1000-1700  ppm:  gas  mask  with  organic 
vapor  canister,  any  supplied-air  respirator  or  self- 
contained  breathing  apparatus  with  full  facepiece 

•  Chemical  goggles  if  there  is  probability  of  eye  contact 

•  Protective  clothing  and  rubber  gloves  and  aprons  are 
ad’/isab.'c  to  prevent  repeated  or  prolonged  contact  with 
the  liquid. 

l^DICHLOROBENZENE 
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ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS  AND 
CRITERIA  (Coot) 


•  Aquatic  Life  (355) 

•  Freshwater  species 
acute  toxicity: 

no  criterion,  but  lowest  effect  level  occurs  at  1120  ^g/I- 
dkhtorohenzenes. 

chronic  toxicity: 

no  criterion,  but  lowest  elfect  level  occurs  at  763  ng/L 
dichlorobenxenes. 

•  Saltwater  species 
acute  toxicity: 

no  criterion,  but  lowest  effect  level  occurs  at  1970  tigl. 
dichlorobenzcncs. 

chronic  toxkity: 

no  criterion  established  due  to  insufTicienl  data. 

RmR£?i.aLJ2Qi^5: 

8.9(M)E+0I  fig/kg/day  (3742) 


REGULATORY  STATUS  (as  of  01  ■MAR-89) 


Promulpicd  RcguJirijoQS 
a  Federal  Programs 

CkJA  Wjtsi_Ac!  (CWA) 

Dichlorohenzene  is  designated  i  hazardoas  substance  under  CWA  It 
has  a  reportable  quantity  (RO)  limit  of  45.4  kg  (347.  3764).  It  is  aLvi 
listed  as  a  toxic  pollutant,  subject  to  general  prctrca»ment  regulations 
for  new  and  exiting  sources,  and  eflluent  standarrit  and  guidelines 
(351,  3763).  EiTlucnt  limiiafiorj  specific  to  this  chemical  have  been  set 
in  the  following  point  source  categories:  clectrtjplating  (3767),  organic 
chemicaLs,  plastics,  and  synthetic  fiben  (3777),  steam  electric  power 
generating  (!’HI)2),  and  metal  finishing  (37f>8).  Limitations  vary 
depending  on  the  type  of  industry  and  plant. 
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Sgfc  Drinking  Water  Act  (SDWA) 

Dkhlorobeazene  is  on  the  list  of  83  coDtaminants  required  to  be 
regulated  under  the  SDWA  of  1974  as  amended  in  1986  by  January, 
1991  (3781).  EPA  lisu  1,2-dichlorohenzene  as  an  unregulated 
contaminant  requiring  monitoring  in  all  community  water  systems  and 
Don-transient  non-community  water  systems  (3771).  In  states  with  an 
approved  Underground  Injection  Control  program,  a  permit  is  required 
for  the  injection  of  I,2-dichlorobea2eDe-«onuining  wastes  designated  as 
hazardous  under  RCRA  (295). 

Resource  Conservation  and  Recovery  Act  (RCRA) 

1.2- Dk:hk>robcnzene  is  identified  as  a  toxic  hazardous  waste  (UO'  O) 
and  listed  as  a  hazardous  waste  constituent  (3783,3784).  Non-sfiecific 
sourcea  of  1.2-dichlorobenzene-  containing  waste  are  solvent  luc  (or 
recovery)  activities,  spent  solvent  mixtures  containing  lO'^  or  more 

1.2- dichlorobenzer)e,  and  chlorinated  aliphatic  hydrocarbon  production 
(325).  Waste  streanu  from  the  following  industries  contain 

1.2- dich)orobenzene  and  are  listed  u  specific  sources  of  hazardous 
waste:  organic  chemicals  (production  of  chlorobenzene,  and  trichloro- 
ethylene/perchloroethylcne),  pesticides  (Z4.5-T  production),  and  ink 
formulation  (3774,  3763).  1,2-Dk:hlorobenzeoe  is  subject  to  land 
disposal  restrictions  when  its  concentration  as  a  hazardous  constituent 
exceeds  designated  levels  (3785).  Effective  July  8,  1987,  the  land 
disposal  of  untreated  hazardous  wastes  which  contain  halogcnaicd 
organic  compounds  in  total  concentrations  greater  than  or  equal  to 
1000  mg/kg  is  prohibited.  Effective  August  8,  1988,  the  underground 
injection  into  deep  wells  of  these  wastes  is  prohibited.  Certain 
variances  exist  until  May,  1990  for  some  wastewaters  and  nonwaste- 
^.aters  for  which  Best  Demorutrated  Available  Technology  (BOAT) 
treatment  standards  have  not  been  promulgated  by  EPA  {37Wi). 

1.2- Dicnlorobcnzcne  is  on  EPA’s  ground  water  monitoring  list.  EPA 
requires  that  all  hazardous  waste  treatment,  storage,  and  dup(»al 
facilities  monitor  their  gre^und-wattr  for  chemicals  on  this  lust  when 
suspected  contamination  is  first  detected  and  annually  thereafter 
(3773). 

lQ?dc  Sgtntanco  Control  Act  (TSCA) 

Manufacturers,  processors  or  dislributors  of  1.2-dichlorolM:nzenc  must 
report  production,  usage  and  disposal  information  to  EPA.  They,  a.s 
well  as  others  who  posscM  health  and  safety  studies  on  1.2-dichloro- 
benzene,  must  submit  them  to  EPA  (3,34,  3789).  EPA  requires  that 
manufacturers  and  procesvin  of  1,2-dichlorobcnzcne  conduct 
reproductive  and  fertility  effects  testing.  Previous  propcw.ik  for 
teratogenicity  and  subchronic  toxicity  testing  have  been  withdrawn 
(340).  Under  TSCA  Section  4,  EPA  requires  that  manufacturers  and 
processors  of  1,2-dichlorobcnzcne  perform  human  health  effects  and 
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chemical  fate  testini  in  support  of  the  RCRA  program  (3792).  EPA 
requires  that  manuucturen  and  importers  of  chemical  substances  made 
from  l^-dichlorobenzene  submit  production,  use,  exposure  and  disposal 
data  in  order  tc  determine  whether  there  is  further  need  for  dioxin 
and  furan  testing  of  the  chemjcal  products  for  which  1,2-dichloro¬ 
benzene  is  a  precu'sor  (3780). 

Comprehensive  Envifcnmental  Response  Compcns,  on  and  Liability 
Act  (CERCLA) 

1,2-DKhlorobenzene  is  designated  a  hazardous  substance  under 
CERCLA  It  has  a  reportable  quantity  (RQ)  limit  of  45.4  kg. 
Reportable  quantities  have  also  been  issued  for  RCRA  hazardous 
waste  streams  containing  1,2-dichlorobenzene  but  these  depend  upon 
the  concentration  of  the  chemicals  in  the  waste  stream  (3766).  Under 
SARA  Title  III  Section  313,  manufacturers,  proccsson,  importers,  and 
users  of  1,2 -dichlorobenzene  must  report  annually  to  EPA  and  state 
oIGcials  their  releases  of  this  chemical  to  the  environment  (3787). 

Qean  Ar  Act  (C^A) 

After  consideration  cf  the  data  regarding  serious  holth  effects  from 
ambient  air  exposure  to  chlorinated  benzenes,  EPA  has  decided  not  to 
regulate  them  as  Hazardous  air  pollutants  (3685). 

Marine  Protection  Research  and  Sanctuaries  Act  (MPRSA) 

Ocean  dumping  of  organohalogcn  compounds  as  well  as  the  dumping 
of  known  or  suspected  carcinogens,  mutagens  or  teratogens  is 
prohibited  except  when  they  are  present  as  trace  contaminanu.  Permit 
applicanu  are  exempt  from  these  regulations  if  they  can  demonstrate 
that  such  chemical  constituents  are  non-toxic  and  non-bioaccumulative 
in  the  marine  environment  or  are  rapidly  rendered  harmless  by 
physical,  chemical  or  biological  processes  in  the  sea  (3(J9). 

Occupational  Safety  and  Health  Act  (OSHA) 

Employee  exposure  to  I,2-dichloro>^nzcnc  shall  at  no  time  exceed  the 
ceiling  level  of  50  ppm  at  any  time  during  an  8-hour  work-shift  (3539). 

Hai-vdous  Materials  Transportation  Act  (HMTA) 

■PiC  Department  of  Transportation  has  designated  1,2-dichlorobcn/cnc 
as  a  hazardous  material  with  a  reportable  quantity  of  45.4  kg.  subject 
to  requirements  for  packaging,  ladling  and  transportation  (3180). 

•  State  Water  Programs 

AJ.LiLMLS 

Ai  stairs  have  adopted  EPA  Ambie..t  Water  Quality  Criteria  and 
NPDWPs  (see  Water  Exposure  Limits  section)  as  their  promulgated 
stale  regulations,  either  by  narrative  reference  or  by  relating  the 
specific  numeric  criteria.  These  states  have  promulr’^tcd  additional  or 
more  stringent  criteria: 


Caliiornia  has  an  action  level  of  130  (ppb)  for  drinking  water. 
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CONNECTICUT 

Conc«cticut  has  a  quantiGcation  limit  of  2  ^g/L  for  drinking  water 
(3137). 

DISTRICT  OF  COLUMBIA 

The  District  of  Columbia  has  a  human  health  criterion  of  20  ng/L  for 
all  chlorinated  benzeues  in  public  water  supply  waters  (3828).  . 


Nev^-  Jersey  has  set  an  MCL  of  600  ^gfL  for  drinking  water  (3497). 

New  York  has  an  MCL  of  5  ng/L  for  total  dichlorobenzenes  in 
drinking  water  (3501).  New  York  has  a  water  quality  standard  of  4.7 
Mg/L  for  the  sum  ci  1,2-  and  1,4-isomers  in  ground-water  classed  for 
drinking  water  supply,  and  an  ambient  water  quality  standard  for  total 
dichlorobetuenes  of  5  ^g'L  for  Oass  A.  A-S,  AA,  AA-S,  B  and  C 
surface  waters,  and  SO  /sg/L  for  &e$h  surface  water  classed  D  (3500). 

RHODE  ISLAND 

Rhode  Island  has  an  scute  freshwater  quality  guideline  of  79  ngfL  and 
a  chronic  guideline  of  1.8  ng/L  for  the  protection  of  aquatic  life  in 
surface  waters.  These  guidelines  are  enforceable  under  Rhode  Island 
state  law  (3590). 

SOUTH  DAKOTA 

South  Dakota  requires  o-dichlorobenzene  to  be  nondetectablc,  using 
designated  test  methods,  in  ground-water  (3671). 

VERMONT 

Vermont  has  a  preventive  Ktion  limit  of  310  ng/L  and  an  enforcement 
standard  of  620  ngfL  for  ground-water  (3682). 

WISCONSIN 

Wisconsin  has  a  preventive  action  limit  of  125  /ig/L  and  an 
enforcement  standard  of  1250  lig/L  for  ground-water  (3840). 

Wisconsin  has  also  set  a  human  threshold  criterion  of  1.4  mg,L  for 
public  water  supply  waters  (3842). 

Protx?sed  Regulations 
Federal  Programs 

Safe  Drinking  Water  Act  (SDWA) 

In  November,  1985,  EPA  proposed  a  recommended  maximum 
contaminant  level  (RMCL)  ot  0.62  mg/L  for  l,2-dichloroben2cne. 

EPA  will  propose  a  maximum  contaminant  level  (MCL)  and  maximum 
contaminani  level  goal  (MCLG)  of  0.6  mg/L  for  1.2-dichlorobcn2cnc  in 
May,  l'>89,  with  tinal  action  scheduled  for  May,  1990  (3T59). 
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Resource  Conservation  and  Recovery  Act  (RCRA) 

EPA  has  proposed  that  solid  wastes  be  list^  as  hazardous  in  that  they 
exhibit  the  characteristic  defined  as  EP  toxicity  when  the  TCLP  extract 
concentration  is  equal  to  or  greater  than  4J  oagL  of 
l^-dichlorobenzene.  Final  promulgation  of  this  Toxicity  Characteristic 
Rule  is  expected  In  June,  196^  (1365). 

•  State  Water  Programs 
MOST  STATES 

Most  states  are  in  the  process  of  revising  their  water  programs  and 
proposing  changes  to  their  regulations  which  will  follow  EPA's  changes 
when  th^  become  final.  Contact  with  state  officers  is  advised. 

Changes  are  projected  for  1989-90  (3683). 

KANSAS 

Kansas  has  proposed  a  water  quality  standard  of  620  /ig/L  for  ground¬ 
water  (3213). 

Minnesota  has  propx»cd  a  Recommended  Allowable  Limit  (RAL)  of 
620  tig/L  for  1.2 -dichlorobenzene  in  drinking  water  (3451).  Minnesota 
has  alM  proposed  a  Sensitive  Acute  Limit  (SAL)  of  632  /ig/L  for 
s-rfa 'e  water,  and  chronic  criteria  of  14  for  surface  water  and 
620  ng/L  for  ground-water.  These  criteria  are  for  the  protection  of 
human  health  (3452). 

NEW  JERSEY 

New  Jersey  has  proposed  a  water  quality  standard  of  600  Mg/E  for  class 
FW2  surface  waters  (3496). 


EECLPirectives 

Directive  on  Ground  Water  f538> 

Direct  dLscharge  into  ground  water  (i.e.,  without  percolation  through 
the  ground  or  subsoil)  of  organohalogen  compounds  and  substances 
which  may  form  such  compounds  in  the  aquatic  environment, 
substances  which  possess  carcinogenic,  mutagenic  or  teratogenic 
properties  in  or  via  the  aquatic  environment,  and  mineral  oils  and 
hydrexarbons  is  prohibited.  Appropriate  measures  deemed  necessary  to 
prevent  indire«'t  discharge  into  ground  water  (i.e.,  via  percolation 
through  ground  or  subsoil)  of  these  substances  shall  be  taken  by 
member  countnes. 
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Directive  on  the  Quality  Required  of  Shellfish  Waters  (537) 

The  mandatory  specifications  for  organobalogenated  sutetances  specify 
that  the  concentration  of  each  substance  in  the  shellfish  water  or  in 
shellfish  Qesh  must  not  reach  or  exceed  a  level  which  has  harmful 
effects  on  the  shellfish  and  larvae.  The  specifications  for  organobalogenated 
substances  state  that  the  concentration  of  each  substance  in  shellfish  Qesh 
must  be  so  limited  that  it  contributes  to  the  high  quality  of  the  shellfish 
product 
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l^-Dichlorobenzece  is  listed  as  a  Qass  Il/a  harmful  substance  and  is 
subject  to  packaging  and  labeling  regulations. 

Directive  on  the  Discharge  of  Dangeroas  Substances  (535) 

Organohalogens,  carcinogens  or  substances  which  have  a  deleterious  effect 
on  the  taste  and/or  odor  of  human  food  derived  from  aquatic  environments 
cannot  be  discharged  into  inland  surface  waters,  territorial  waters  or 
internal  coastal  waters  without  prior  authorization  from  member  countries 
which  issue  emission  standards.  A  system  of  zerc^emission  applies  to 
discharge  of  these  substances  into  ground  wa*er. 

Directive  on  Toxic  and  Dangerous  Wastes  (5^2) 

Any  installation,  establishment,  or  undertaking  which  produces,  holds 
and/or  disposes  of  certain  toxic  and  dangerous  wastes  including  phenols 
and  phenol  compounds;  organic-halogen  compounds,  excluding  inert  poly¬ 
meric  materials  and  other  substances  referred  to  in  this  list  or  covert 
by  other  DirectWes  concerning  the  disposal  of  toxic  and  dangerous  waste; 
chlorinated  solvents;  organic  solvents;  biocides  and  phyto-pharmaceutical 
substances;  ethers  and  aromatic  polycylic  compounds  (with  carcinogenic 
effects)  shall  keep  a  record  of  the  quantity,  nature,  physical  and 
chemical  characteristics  and  otifin  of  such  waste,  and  of  the  methods  and 
sites  used  for  disposing  of  such  waste. 


assification^ 


anecrous 


irectivc  on  the 


ubstances  (787) 

1,2-Dichlorobenzene  is  classified  as  a  harmful  substance  and  is  subject 
to  packaging  and  laoeling  regulation. 


Resolution  on  a  Revised  List  of  Second-Category  Pollutants 
(545) 

l,2-dichlorob€n2ene  is  one  of  the  second-category  pollutants  to  be  studied  by 
the  Commission  in  the  programme  of  action  of  the  European  Communities 
on  Environment  in  order  to  reduce  pollution  and  nuisances  in  the  air  and 
water.  Risk  to  human  health  and  the  environment,  limits  of  pollutant  levels 
in  the  environment,  and  determination  of  quality  standards  to  be  applied  will 
be  assessed. 
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25.1  MAJOR  USES 

The  major  use  of  1,2-dichIorobenzene  is  in  organic  synthesis,  primarily  in  the 
manufacture  of  3,4-dichIoroaniline  (23).  Appro3dmately  15%  is  us^  as  a  process 
solvent  in  the  manufacture  of  toluene  diisocyanate.  Miscellaneous  solvent  applica¬ 
tions  account  for  8%  of  its  use.  These  apphcatioos  include  cleam'ng  and  polishing 
formulations,  motor  oil  additive  formulations,  paints,  rust  preventatives,  degreasing  of 
leather  hues  and  woolen  pelts  and  use  as  a  carrier  solvent  fcr  wood  preservatives 
and  repellents.  Minor  uses  include  the  manufacture  and  application  of  dyes,  odor 
control  ailid  pestidde  manufacture  (202,  265). 


25.2 
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ONMENTAL  FATC  AND  EXPOSURE  PATHWAYS 


25JL1  Ti'amsport  in  SoOAjrouod-water  Systems 
25.2.1.1  Overview 


The  1,2-isomer  of  dichlorobenzene  may  move  through  the  soil/ground-water 
system  wllen  present  at  low  concentrations  (dissolved  in  water  and  sorbed  on  soil)  or 
as  a  separate  organic  phase  (resulting  from  a  spill  of  significant  quantities  of  the 
chemical).  In  general,  transport  pathways  of  low  soil  concentrations  can  be  assessed 
by  an  equilibrium  partitioning  model,  as  shown  in  Table  25-1.  Sorption  onto  deep 
soils  (83 5^)  is  less  than  onto  top  soils,  but  may  have  some  effect  on  mobility. 

Overall,  ground  water  underlying  1,2-dichlorobenzene-contaminatcd  soils  with  low- 
organic  content  is  expected  to  be  vulnerable  to  contamination. 


These  calculations  predict  the  partitioning  of  low  soil  concentrations  of 
1.2-dichlotobenzene  among  soil  particles,  soil  water  and  soil  air.  The  1.2-dichloro¬ 
benzene  aissociated  with  the  water  and  air  phases  of  the  soil  has  higher  mobility  than 
the  adsorbed  portion. 


Stimates  for  the  unsaturated  topsoil  model  indicate  that  99.5%  of  the 
obenzene  is  expected  to  be  sorbed  onto  soil  particles.  Approximately  0.4% 
is  expected  to  partition  to  the  soil-water  phase,  and  is  thus  available  to  migrate  by 
bulk  transport  (e.g.,  the  downward  movement  of  infiltrating  water),  dispersion  and 
diffusion.  For  the  small  portion  of  1,2-dichlorobenzene  in  the  gaseous  phase  of  the 
soil  (approximately  0.1%),  diffusion  through  the  soil-air  pores  up  to  the  ground 
surface,  and  subsequent  removal  by  wind,  may  be  a  significant  loss  pathway. 

j 

In  saturated,  deep  soils  (containing  no  soil  air  and  negligible  soil  organic  carbon), 
a  higher  fraction  of  the  1.2-dichlorobenzene  (17%)  is  predicted  to  be  present  in  the 
soil-water  phase  (Table  25-1)  and  available  for  transoort  with  flowing  ground  water. 
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TABLE  25-1 

EQUILIBRIUM  PARTmONING  CALCULATIONS  FOR 
1,2-DICHLOROBENZENE  IN  MODEL  ENVIRONMENTS’ 


Soil 

Estimated  Percent  of  Total  Ma.ss  of  Chemical  in 

Each  Comnartment  : 

Environment 

Soil 

Soil-Water 

Soil-Air 

Unsaturated 
topsoil'^ 
at  25‘'C 

99J 

0.4 

0.1 

Saturated 

deep  soil'’ 

83.0 

17.0 

- 

a)  Calculations  based  on  Mackay's  equ'iibrium  partitioning  model  (34,  35,  36);  see 
Introduction  for  description  of  model  and  environmental  conditions  chosen  to 
represent  an  unsaturated  topsoil  and  saturated  deep  soil.  Calculated  percentages 
should  be  considered  as  rough  estimates  and  used  only  for  general  guidance. 

b)  Utilized  soil  sorption  coefficient  estimated  with  equations  of  Means  et  al.  (611): 
K«  *  1160. 

c)  Henry’s  law  constant  taken  as  1.88E-03  atm  •  mVmol  at  25®C  (74). 

d)  Used  sorption  coefficient  K,  calculated  as  a  function  of 
assuming  0.1%  organic  carbon:  K,  «  0.001  x  K,,^ 


25.2.1.2  Sorption  on  Soils 

The  mobility  of  1,2-dichlorobenzene  in  the  soil/ground-water  system  (and  its 
eventual  migration  into  aquifers)  is  strongly  affected  by  the  extent  of  its  sorption  on 
soil  particles.  In  general,  sorption  on  soib  is  expected  to: 

-  increase  with  increasing  soil  organic  matter  coment; 

-  increase  slightly  with  decreasing  temperature; 

-  increase  moderately  with  increasing  salinity  of  the  soil  water;  and 

-  decrease  moderately  with  increasing  dissolved  organic  matter  content  of  the 
soil  water. 

Wilson  et  al.  (82)  investigated  the  transport  and  fate  of  the  1,4-dichlorobenzene 
isomer  applied  to  sandy  soils.  Approximately  37-49%  of  the  1,4-dichlorobenzene 
percolat(^  through  the  soil  column  with  minimal  retardation,  and  51-63%  was 
degraded  or  not  accounted  for;  the  loss  due  to  volatilization  was  not  determined. 

The  l,2-dichloroben2ene  would  be  expected  to  exhibit  similar  transport  properties. 

Laboratory  sorption  studies  (608)  indicate  that  sorption  of  the  chlorobenzenes  by 
sediments  and  aquifer  material  is  a  reversible  process.  Retardation  rates,  which 
represent  the  interstitial  water  velocity/pollutant  velocity  in  the  soil,  were  reported  by 
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Wilson  et  al.  (82)  to  be  a  function  of  the  ratio  of  soil  density  (a)  to  soil  water 
content  (b),  and  the  organic  content  (oc)  of  the  soil  according  to  the  following 
equation: 

R,  =  1  +  (a^)K«(oc) 

Retardation  factors  reported  for  the  1,4-iscnier  range  from  18-70  for  river 
sediment  to  1-Z7  for  an  aquifer  far  from  the  river  bed  (77).  These  data  indicate 
some  retardation  (i.e.,  adsorption)  in  soils  having  1-2%  organic  carbon  and  little  or 
no  retardation  in  deep  soils  having  less  than  0.1%  organic  carbon.  Similar  retardation 
factors  would  be  cxi>ected  for  l,2-dichlorobenzen2. 

252,13  Volatilization  from  SoQs 

Transport  of  l,2-dichloroben2ene  vapors  through  the  air-filled  pores  of  un- 
saturated  soils  may  occur  in  near-surface  soils.  However,  only  a  small  portion  of  the 
l,2-dichloroben2ene  loading  is  expected  to  be  present  in  soil-air.  In  general,  impor¬ 
tant  soil  and  environmental  properties  influencing  tije  rate  of  volatilization  include 
soil  porosity,  temperature,  convection  currents  and  barometric  pressure  changes; 
important  physicochemical  properties  include  the  Henry’s  law  constant,  the  vapor-soil 
sorption  coefficient,  and,  to  a  lesser  extent,  the  vapor  phase  diffusion  coefficient  (31). 


The  Henry’s  law  constant  (H),  which  provides  an  indication  of  a  chemical’s 
tendency  to  \’ola*ilize  from  solution,  is  expected  to  increase  significantly  with  increas¬ 
ing  temperature.  The  temperature  dependence  of  H  for  1.2-dichlorobenzene  has 
been  measured  by  Gossett  and  Lincoff  (18)  and  is  described  by  the  following 
equation: 

H(atm  •  mVmol)  =  exp[15.96-6665Ar('’K)J 

Gossett  and  Lincoff  (18)  have  also  examined  the  effect  of  other  dissolved 
materials  on  volatilization.  Moderate  increases  in  H  were  observed  with  increasing 
salinity  and  the  presence  of  other  organic  compounds.  These  results  suggest  that  the 
presence  of  other  materials  may  significantly  affect  the  volatilization  of  1.2-dichloro- 
benzene. 

No  information  was  available  for  the  two  other  physicochemical  properties 
influencing  1.2-dichlorobeTzene  volatilization,  i.e.,  the  vapor-soil  somtion  coefficient 
and  the  vapor  phase  diffusion  coefficient. 

Available  data  indicate  that  1.2-dichlorobenzene  probably  volatilizes  from  the 
water  column  at  a  relatively,  rapid  rate;  the  volatilization  half-life  from  a  1  meter  thick 
water  column  has  been  estimated  to  be  approximately  8  or  9  hours  (10).  Garrison 
and  Hill  (600)  reported  almost  complete  volatilization  (to  less  than  1  mg/L)  of  a  KX) 
mg/L  concentration  of  1.2-dichiorobenzene  in  less  than  four  hours  from  aerated 
distilled  water  and  in  less  than  three  days  from  unaerated  distilled  water. 
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Wakeham  et  al.  r'27't  examined  the  fate  and  persistence  of  the  1,4-isomer  in 
coastal  seawater;  voiaiilLzation  was  identified  as  the  major  removal  process.  Half-lives 
obtained  for  spring,  summer,  and  winter  conditions  were  18,  10,  and  13  days,  respec¬ 
tively;  similar  rates  would  be  expected  for  1,2-dichlorobenzene. 

Actual  volatilization  rates  will  depend  on  factors  such  as  depth,  turbulence  and 
other  environmental  conditions.  Furthermore,  compared  to  volatilization  from 
well-stirred  aqueous  solutions,  volatilization  from  surface  soils  has  been  shcn'-n  to  be 
slower  by  approximately  one  order  of  magnitude  for  some  near-surface  chlorinated 
organics  (82). 

In  the  atmosphere,  1,2-dichlorobenzcne  should  exist  mainly  in  the  vapor  phase 
and  is  expected  to  react  with  photochemically  generated  hydroxyl  radicals  (3949). 
Using  a  rate  constant  of  0.42E-12  cmVmolecule-sec  at  22®C  and  an  ambient  hydroxyl 
radical  concentration  of  8.0E+05  molecu!es/cm\  the  half-life  for  1,2-dichlorobencene 
in  air  of  24  days  was  estimated  (3899).  The  detection  of  dichlorobenzene  isomers  in 
rain  water  (39^)  suggests  that  atmospheric,  removal  through  washout  is  also  possible 
(3949). 

25.22  Transfonnatioa  Processes  in  SoOAjhound-water  Systems 

The  persistence  of  1,2-dichlorobenzene  in  soil/ground-water  systems  is  not  well 
documented.  In  most  cases,  it  should  be  assumed  that  1,2-dichlorobenzene  will 
persist  for  niontlts  to  years  (or  more).  The  1,2  dichlorobenzene  that  has  been 
released  from  the  soil  into  the  air  will  eventually  undergo  photochemical  oxidation;  a 
half-life  in  air  of  approximately  3  days  (609)  and  an  atmospheric  residence  time  of 
38.6  days  (601)  have  been  reported  for  1,2-dichlorobenzene. 

No  information  on  the  hydrolysL'  of  12-d;chlorobenzene  in  the  soil/ground-water 
system  was  available;  under  normal  environmental  couiiitions,  hydrolysis  is  not 
expected  to  occur  at  a  rate  competitive  with  volatilization  or  biodegradation. 

The  1,2-isomer  of  dichlorobenzene  is  not  expected  to  be  rapidly  biodegraded  in 
the  environment.  The  more  halogenated  a  compound  is,  the  more  resistant  it  is  to 
biodegradation,  implying  that  1,2-dichlorobenzene  is  more  persistent  than  chloro¬ 
benzene,  which  is  significantly  degraded  only  by  activated  microbial  populations. 
Furthermore,  the  presence  of  a  chlorine  atom  on  the  benzene  ring  has  been  reported 
to  retard  the  rate  of  biodegradation  (10).  Thom  and  Agg  (80)  have  listed  1,2-dichlor- 
obenzenc  as  a  synthetic  material  which  is  unlikely  to  be  removed  during  biological 
sewage  treatment. 

However,  several  authors  have  rep.iued  the  biodegradation  of  1,2-dichlor¬ 
obenzene  by  acclimated  microbial  populations.  Davis  et  al.  (612)  reported  compara¬ 
tively  rapid  degradation  of  i,2-dichlorobcnzene  using  samples  of  microbial  populations 
from  industrial  and  municipal  wastewater  treatment  plants;  1,2-dichlorobenzene 
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at  50  ng/L  was  degraded  by  both  systems  within  7  days.  Kincannon  et  ai.  (613) 
reported  biodegradation  of  83  mg/L  1,2-dichlorobeiizene  by  activated  sludge  popula¬ 
tions. 

Dichlorobenzenes  were  only  slowly  degraded  by  soil  microbes  in  cultures  (610), 
and  no  degradation  was  noted  in  studies  on  the  transport  and  degradation  of 
dichlorobenzenes  injected  into  ground  water  (597).  In  most  soil/ground-water 
systems,  the  concentration  of  microorganisms  capable  of  biodegrading  chemicals  such 
as  1,2-dichlorobenzeoe  is  expected  to  be  low,  and  to  drop  off  sharply  with  increasing 
depth.  Thus,  biodegradation  in  the  deep  soil/ground-water  system  should  be  assumed 
to  be  of  minimal  importance  except,  perhaps,  near  landfills  with  active  microbiological 
populations. 

25.23  Primary  Routes  of  Exposure  From  Soil/Ground-water  Systems 

The  above  di$c>ission  of  fate  pathways  suggests  that  1,2'dichlorobenzehe  is  highly 
volatile  from  aqueous  solutions,  moderately  to  strongly  adsorbed  by  soil,  and  has  a 
moderate  potential  for  bioaccumulation.  Tliis  compound  may  volatilize  from  soil 
surfaces.  Through  time,  the  portion  not  removed  by  volatilization  is  likely  to  be 
mobile  in  ground  water.  These  fate  characteristics  suggest  several  potential  exposure 
pathways. 

Volatilization  of  1.2-dichlorobenzene  from  a  disposal  site,  particularly  during 
drilling  or  restoration  activities  could  result  in  inhalation  exposures.  In  addition, 
there  is  a  potential  for  ground  water  contamination,  particulariy  in  sandy  soil. 
1,2-Dichlorobenzene  has  been  found  in  ground  water  at  3  of  the  546  National 
Priority  List  (NPL)  sites  (83). 

This  compound  was  reported  in  the  Ground  Water  Supply  Survey  (GWSS) 
conducted  by  USEPA  (531)  This  survey  examined  945  finished  water  supplies  that 
utilize  ground-water  sources.  The  results  for  1,2-dichlorobenzene  are  summarized 
below  in  the  following  table. 

The  random  samples  taken  as  part  of  the  GWSS  are  intended  to  statistically 
represent  the  U.S.  ground-water  drinking  water  supplies.  The  non-random  sample 
locations  were  chosen  by  the  states  as  being  potentially  contaminated.  1,2-Dichloro- 
benzene  has  also  been  detected  in  the  National  Organic  Monitor  Survey  (NOMS) 
(90).  In  this  survey,  1,2-dichlotobeDzene  was  detected  in  4  out  of  110  samples  with  a 
mean  concentration  of  the  positives  of  2.5  ugl- 
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Sample  .Type 


Median  of 

Occurrences*  Positives  Maximum 
_ %  fug/Li  fue/L^ 


Random 

Supplies  serving  <10,000  people 
(280  samples) 

Supplies  serving  >10,000  people 
(186  samples) 

Non-Random 

Supplies  serving  <10,000  people 
(321  samples) 

Supplies  serving  >10.000  people 
(158  samples) 


0 

0 

- 

- 

0 

0 

- 

- 

1 

03 

2.2 

12 

1 

0.6 

17 

17 

‘Samples  having  levels  over  quantification  limit  of  0.5  tig/L. 


The  properties  of  1.2-dichlorobenzene  a:  -;',  the  survey  results  described  above 
indicate  that  this  compound  has  a  limited  potential  for  movement  in  soil/ground-water 
systems.  If,  however,  this  compound  reaches  surface  waters,  several  other  exposure 
pathways  are  possible: 

•  Surface  waters  :nay  be  used  as  drinking  water  supplies,  resulting  in  direct 
ingestion  exposures; 

•  Aquatic  organisms  residing  in  these  waters  and  bioaccumulating  this 
chemical  may  be  conr.um^,  also  resulting  in  ingestion  exposures; 

•  Recreational  use  of  these  waters  may  result  in  dermal  exposures; 

•  Domestic  animals  may  consume  or  be  dermally  exposed  to  contaminated 
ground  or  surface  waters;  the  consumption  of  meats  and  poultry  could 
then  result  in  ingestion  exposures. 

In  general,  exposures  associated  with  contaminated  surface  water  can  be  expected 
to  be  lower  than  exposures  from  drinking  contaminated  ground  water  for  two  reasons. 
First,  the  Henry’s  law  constant  for  1.2-dichlorobenzene  suggests  that  it  will  volatilize 
upon  reaching  surface  waters.  Secondly,  because  1,2-dichlorobenzene  is  moderately 
to  strongly  ad^rbed,  the  concentration  reaching  surface  waters  will  be  attenuated 
through  adsorption  to  soil  and  sediments.  Although  the  availability  of  1,2-dichloro¬ 
benzene  in  surface  waters  is  expected  to  be  limited,  the  bioconcentration  factor  for 
1,2-dichlorobenzene  suggests  seme  potential  for  bioaccumulation. 

25J2.4  Other  Sources  of  Exposure 

The  volatility  of  1,2-dichlorobenzene  suggests  that  it  may  be  found  in  air. 
Brodzinsky  and  Singh  (84)  compiled  all  available  atmospheric  data  for  a  number  of 
volatile  organics.  For  1,2-dichlorobenzene,  they  had  data  for  909  locations.  This 
compound  was  not  found  i?  rural  and  remote  locations.  In  urban  and  suburban 
areas,  the  median  3  concentration  was  0.06^  yg/m’.  In  source-dominated  locations. 
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the  3  median  concentration  was  0.35  /ig/m’  These  results  suggest  that  inhalation  is  a 
source  of  exposure  to  persons  in  these  areas,  particularly  in  source-dominated  areas. 

Based  on  the  survey  data  above,  1,2-dichlorobenze'ie  does  not  appear  to  be  a 
common  contaminant  in  drinking  water.  However,  discharge  of  industrial  effluents 
contaminated  with  1,2-dichlorobenzene  near  drinking  water  intakes  in  surface  water 
could  potentially  result  in  ingestion  via  drinking  water.  There  has  been  concern 
regarding  the  inadvertent  production  of  chlorobenzenes  through  chlorination  of 
sources  or  effluents  containing  benzene.  The  data  that  exist  seem  to  indicate  that 
chlorination  is  not  a  significant  inadvertent  source  (265). 


25.3  HUMAN  HEALTH  CONSIDERATIONS 
25J.1  Animal  Studies 
25J.1.1  Cananogeoidty 

The  carcinogencity  of  1,2-dichlorobenzene  was  recently  evaluated  in  a  103-week 
study  conducted  by  the  National  Toxicology  Program  (3514).  Groups  of  F344/N  rats 
and  B6C3F|  mice  were  administered  1,2-dichlorobenzene  in  com  oil  by  gavage,  5 
times  per  week  in  doses  of  60  or  120  mg/kg  body  weight.  Malignant  histiocytic 
lymphomas  were  observed  in  male  and  female  mice  at  both  dose  levels  (males; 
control,  0%:  low  dose,  2%;  high  dose,  8%,  p<0.05)  (females:  control,  0%;  low  dose, 
0%;  high  dose,  6%,  p<0.05),  but  the  incidences  of  all  types  of  lymphomas  in  male  or 
female  mice  were  not  increased.  Therefore,  the  increase  in  histiocytic  lymphomas  was 
discounted.  The  investigators  concluded  that,  under  the  conditions  of  the  two-year 
gavage  studies,  there  was  no  evidence  of  carcinogenicity  of  1,2-dicblorobenzene  in 
male  or  female  rat;  or  mice  (3514).  However,  it  should  be  noted  that  there  is  some 
doubt  that  the  maximum  tolerated  dose  was  achieved  as  no  significant  compound- 
related  effects  were  seen  (3949). 

25J.1.2  Geootoxidty 

In  an  in  vivo  micronucleus  assay,  8-week-old  NMRI  male  mice  were  injected 
intraperitoneally  with  187,  375,  562,  or  750  mg  of  1,2-dichlorobenzcne/kg  b^y  weight. 
Each  dose  was  administered  in  two  injections,  24  hours  apart,  and  the  animals  were 
sacrificed  6  hours  after  the  last  injection.  Statistically  significant,  dose-related 
increases  in  micronuclei  were  observed  in  the  bone  marrow  cells  (3464'>. 

The  l,2-iso,'ner  of  dichlorobenzene  was  found  to  be  non-genotoxic  in  three 
studies  involving  8  strains  cf  histidine-requiring  mutants  of  Salmonella  tvnhimurium 
tested  with  and  without  metabolic  activation  (3646,  3508). 
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2SJ.13  Teratofeatict}',  Embryoiobd^  lod  Repixiductiwe  EfTects 

No  teratogenic  eflects  were  obaerved  in  the  oCbpring  of  Spragxie-Dawley  rats 
that  were  administered  50,  100  or  200  mg/kg  13-dichlorobenzene  by  gavage  on  days  6 
through  IS  of  gestation  (269). 

In  inhalation  studies,  Hayes  et  aL  (3278)  observed  neither  teratogenic  nor 
fetotoxic  effects  in  the  oQspring  of  rats  or  rabbits  exposed  to  1.2-dichlorobk:nzene 
vapors.  Groups  of  bred  female  rau  were  exposed  to  200,  200,  or  400  ppm  of  1,2* 
dichlorobenzene  for  6  boua  per  day  on  days  6  through  15  of  gestatbn.  The  dams 
exhibited  reduced  weight  gain  at  each  dose  level  and  increased  liver  weights  at  400 
ppm,  indicating  maternal  toxicity.  Groups  of  inseminated  rabbits  were  exposed  to 
100,  200,  or  4W  ppm  of  the  agent  on  days  6  through  18  of  gestation.  Pregnant 
rabbits  at  all  concentrations  showed  a  significant  weight  loss  during  the  first  3  da)s  of 
exposure.  No  embryotoxic  or  teratogenic  effects  were  observed  in  these  studies  for 
rats  or  rabbits  exposed  to  1,2-dichlorobenzene,  even  at  concentrations  that  produced 
maternal  loncity. 

2SJ.1.4  Other  Toxioologic  Effoesa 
253.1.4.1  Short-term  Toxicity 

The  major  targets  for  1,2-dichlorobenzene  are  the  liver,  kidneys  and  central 
nervous  system.  Rats  exposed  to  vepor  concentrations  of  977  ppm  (5W>2  mgm') 
survived  a  two-hour  exposure  period  but  succumbed  after  a  seven-hour  exposure 
period.  A  single  seven-hour  exposure  to  539  ppm  (32.34  mg'm’)  was  survived.  These 
animals  experienced  drowsiness,  unsteadiness  and  eye  irritation.  Kidney  and  liver 
injury  were  also  observed  (266).  Liver  dysfunction  was  noted  in  rats  that  were 
administered  455  to  1(XX)  mg/kg  l,2-dichloroben7ene  by  stomach  tube  for  5  to  15  dass 
(267). 

Undiluted  1,2-dichlorobcnzene  instilled  into  the  eyes  of  rabbits  caused  moderate 
pain  and  conjunctival  irritation  which  cleared  in  a  few  days  (19), 

In  vivo  studies  with  Fischer  lats,  in  which  the  hepatotoxic  effects  of  three 
dichlorobcnzcncs  were  compared,  indicated  that  the  isomers  tested  can  be  ranked  m 
follows:  1,2-dichlorobenzcne  >1.3-dichlorobcnzcne  >l,4-dichlorobcnzcnc  (1,4- 
dichlorobenzene  was  not  hepatotoxic  in  this  study)  (3940).  The  toxicity  rankings  were 
based  on  plasma  glutamic  pyruvate  transaminase  actWitics  24  hours  after  the  rats  were 
injected  i.p.  with  doses  of  tne  isomers  ranging  from  0.9  to  4.5  mmolltg;  the  rankings 
were  supported  by  the  results  of  in  vitro  studies. 

253.1.43  CJironic  Tooiidty 

NTP  conducted  a  13-wcek  toxicity/range  nnding  study  in  044^1  raw  and 
B6C3F,  mice  (3514).  Groups  of  10  rats  and  10  mice  of  each  sex  were  administered 
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1,2-dichlorobenzenc  by  gavage,  j  daya/week  at  doaes  of  0,  30,  60,  125,  250,  or  500 
tng/kg/da;'  and  were  obcerved  for  tigna  of  toxicity.  At  the  end  of  the  treatment 
period,  hematological  and  clioical  chemistry  aua^'t  and  necropsy  and  microscopic 
examination  were  performed.  At  500  og/kg/day,  in  both  sexes  of  rats  and  mice,  1,2- 
dichlorobenzene  produced  centrolobular  necrosis  of  tlie  liver,  hepatocellular  degenera¬ 
tion,  and  depletion  of  lyicphocytes  in  the  thymus  and  spleen.  In  addition,  renal 
tubular  degeneration  was  observed  in  male  rats  and  multifocal  mineralization  of  the 
myocardial  fibers  of  the  heart  and  skeletal  muscle  were  teen  in  nice.  At  250 
mg/kg/day,  necrosis  of  individual  bepatocytes  was  observed  in  male  and  female  rats 
and  male  mice.  At  125  mg/kg/day,  minimal  hepatocellular  necrosis  was  observed  in  a 
few  rats,  but  hepatic  alterations  were  not  observed  in  mice.  The  resulu  of  this  study 
determined  the  doses  selected  for  the  NTP  two-year  carcinogenicity/ioxicity  bioassay. 

Rats  given  1,2-dichlorobenzene  by  gavage.  5  days  per  week  for  28  weeks, 
exhibited  minimal  liver  and  kidney  damage  at  188  and  3*76  mg/kg  body  weight,  bet  no 
advene  efTects  at  18.8  mgicg  (271).  Therefore,  tbe  no  effect  le^l  in  this  study  was 
determined  to  lie  between  18.8  and  188  mg/kg  body  weight. 

In  the  two-ycai  NTP  study.  50  F344/N  rats  and  50  B6C3F,  mice  of  each  sex  were 
given  1J2 -dichlorobenzene  in  corn  oil  by  gavage  at  doses  of  0,  60,  and  120  riiglcgday 
(3514).  The  only  nonncopiastic  efTcct  noted  in  the  study  wu  an  increase  in  tubular 
regeneration  of  the  kidney  ir.  the  high-dose  male  mice  (control,  17%;  low  dose,  24%; 
high  dose.  35%). 

No  adverse  effccu  were  observed  in  mice,  guinea  pigs,  rabbits  and  monkeys  after 
6  to  7  months  of  exposure  to  93  ppm  (558  mgm’)  l,2-dK:hlorobcnzenc,  7  hours 
per  day.  5  days  a  week;  however,  rats  exposed  to  93  ppm  had  reduced  body  weights 
(p<U.05)  (271). 

1522  Human  and  Epidciaiologk  Studies 
25JJ.I  Short-term  Toxioologic  Effocta 

The  1.2-isomer  of  dkhlorobenzenc  appears  to  have  a  low  toxicity  to  humans. 
Short-term  inhalation  exposure  resulu  in  irritation  of  the  eyes  and  throat.  Eye 
irritation  becomes  noticeable  at  vapor  concentrations  of  25  to  30  ppm  (150-180 
mg/m’).  It  may  become  painful  at  60  to  100  ppm  if  tbe  exposures  are  for  more  than 
a  few  minutes  duration  (46). 

Chrc.nosomal  alterations  ainsLsting  of  single  and  double  breaks  were  obu-rved  in 
a  group  of  26  clinical  laboratory  wxnkcn  acckJcnially  exposed  to  1.2-dichlorobcnzenc 
vapors,  8  hours  per  day  for  4  days.  No  determination  of  the  exposure  level  wa.s 
made;  exposure  levels  were  estimated  to  be  above  100  ppm  ba.scd  on  observed 
symptoms.  The  chromosomal  aberrations  seemed  to  he  reversible  after  several  months 
(273).  It  should  be  rKifed  that  these  indivnluals  worked  in  or  around  a  clinical 
patholog;/  laboratory  and  may  have  been  expsrsed  to  other  chemicals. 
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Application  of  l^-dichlorobenzeoe  to  the  skin  of  human  subjects  for  15  minutes 
product  •  burning  sensation.  This  response  intensified  with  continued  exposure  up 
to  1  hour  and  abated  upon  removal.  Redneu  and  blisters  then  developed  followed 
by  a  brown  pigmentation  which  persisted  for  3  months  (275). 

Occupational  exposure  to  average  air  concentrations  of  15  ppm  (90  mg/m’) 
caused  no  organic  injury  or  adverse  hematologic  effect;  the  length  of  exposure  was 
not  reported  (271). 

25  JJL2  Qutioic  Tanoologjc  Effects 

Most  cases  of  human  poisoning  from  l^-dichk>roberizene  have  resulted  from 
chronic  inhalation  of  vapors.  Six  months  of  industrial  exposure  to  a  product  contain¬ 
ing  a  mixture  of  1,2 -dichlorobenzene  (95%)  and  the  1,4-isomcr  (5%)  resulted  in 
pallor,  austion,  vom<ting.  intense  abdominal  pain,  headache  and  hemol>iic  anemia 
in  one  worker.  Complete  recovery  followed  the  cessation  of  exposure.  Thirteen 
similarly  exposed  coworken  were  unaffected  (272). 

Three  cases  of  leukemia  have  been  reported  which  involve  chronic  exposure  to 
dichlorobenzene  mixtures.  A  I5-year-old  girt  developed  a  fatal  acute  myelohlastic 
leukemia  after  using  a  product  containing  37%  1,2-dichlorobenzcne  for  an  unspecified 
time  pciiod.  A  40-year-old  workman  developed  chronic  lymphatic  leukemia  after  10 
years  of  cxcupational  exposure  to  a  solvent  containing  80%  1.2-.  15%  1,4-,  and  2% 
1,3-dichiorobcnzcnc.  A  55-ycar-old  woman  exposed  to  the  tame  mixture  for  an 
unspecified  period  of  time  developed  acute  myeloblastic  leukemia  (272.  277).  No 
conclusions  can  be  drawn  at  to  the  causes  of  these  leukemias;  no  evidence  of 
benzene  exposure  was  found  in  any  of  these  cases  (202). 

Chronic  skin  contact  with  a  1.2-dichlorobenzenc  solution  has  been  reported  to 
cause  eczematoid  dermatitis  (274). 

2533  Levels  of  Coooem 

The  U.S.  Environmental  Protection  Agency  (355)  has  estabILshed  an  ambient 
water  quality  criterion  of  400  ^g/L  for  the  protection  of  human  health  from  the  toxic 
properties  of  dichlorobenzenes  ingested  through  water  and  contaminated  aquatic 
organisms.  This  criterion  is  based  on  the  calculated  maximum  chronic  no-observed- 
effcct-level  of  13.42  mg/kg'day  for  rats  orally  administered  1.2-dichlorobcnzene  over  a 
period  of  5  to  7  months  (254,  271).  Applying  an  uncertainty  factor  of  KXX),  the 
acceptable  daily  intake  of  1,2-dichlorobcnzene  for  a  70-kg  man  was  calculated  to  be 
0.94  mg/day. 

The  USFPA  (3949)  also  derived  a  repcitabic  quantity  (RO)  of  1000  for  1.2- 
dichlorobcnzcnc,  based  on  a  LOAEL  of  188  mgkg'day  for  increased  kidney  and  liver 
weights  ir.  female  rats  from  the  study  of  Hollingsworth  et  al.  (271). 
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OSIIA  (3539)  has  esublished  a  ceiling  limit  of  50  ppm  (3C0  mg/m’)  set  to 
prevent  serious  irritation  but  not  aU  eye  and  nasal  irritation.  This  standard  is 
identical  to  that  recommended  by  the  ACGIH  (3005). 

In  the  absence  of  chronic  inhalation  data  for  l^-dichlorobenzene,  the  USEPA 
(3949)  estimated  inhalation  RfDs  based  on  the  NOAEL  in  rats  of  44.2  mg/kg/day 
associated  with  49  ppm  (290  mg/m*)  7  bours/day,  5  days/week,  for  7  months  (271). 
The  subchronic  RiD,  was  estimated  to  be  3 1  mg/day,  and  from  this  the  provisional 
chronic  RiD,  of  3.1  mg/day  was  derived  (3949).  The  oral  RiD  is  89  ^glcg/day  (3742). 

25J.4  Hazard  Asaemnent 

A  lifetime  feeding  study  conducted  with  both  rats  and  mice  orally  administered 
up  to  120  mg/kg'bw  of  1 .2-dichlorobcn2enc  gave  no  evidence  of  carcinogenicity 
(3514).  The  compound  was  not  teratogenic  in  rats  by  oral  administration  (269,  3278). 
Possible  evidence  of  mutagenic  activity  was  reported  for  a  group  of  workers  accident¬ 
ally  exposed  to  1,2-dichlorobcnzene  (correentration  was  not  determined)  for  four  work 
days  (273).  This  study  needs  to  be  substantiated,  particularly  in  light  of  the  fact  that 
these  'ndividuals  worked  in  a  clinical  pathology  lalxrratory  and  may  thus  have  been 
occupationally  exposed  to  a  variety  of  chemicals. 

Little  specific  information  is  available  on  human  toxicity  associated  with  1.2-di- 
chlorobcnzene  exposure.  Anecdotal  reports  have  linked  chronic  inhalation  exposure 
to  various  forms  of  leukemia  (272,  277)  but  no  quantitative  intake  data  are  available. 
Additional  toxicological  studies  are  needed  to  clarify  the  mutagenic  capability  of 
1.2-dichlorobenzene  before  a  reliable  estimate  of  risk  can  be  made  for  humans 
chronically  exposed  to  1,2-dichlorobcnzcnc  in  their  drinking  water. 


25.4  SAMPLING  AND  AN/J  YSIS  CONSIDERATIONS 

Determination  of  1.2-dichlorobcnzcne  concentrations  in  soil  and  water  requires 
collection  of  a  representative  field  sample  and  laboratory  analysis.  Due  to  the 
volatility  of  l,2-dich)orobcnzene.  care  is  required  to  prevent  losses  during  sample 
collection  and  storage.  Soil  and  water  samples  should  be  collected  in  airtignt  glass 
contairiers  preferably  with  no  headspace;  analysis  should  be  completed  within  14  days 
of  sampling.  In  addition  to  the  targeted  samples,  quality  control  samples  such  as  field 
blanks,  duplicates,  and  spiked  matrices  may  be  specified  in  the  recommended 
methods. 

EPA-approved  procedures  for  the  analysis  of  1  2-d'chIorobcnzene,  one  of  the 
EPA  priority  pollutants,  in  aqueous  samples  include  EPA  Methods  601,  602,  612,  621, 
625,  and  1625  (65)  or  Methods  8010.  8020,  8120.  and  8250  (6.3).  In  Methcxls  601, 
602.  624,  8010,  and  8020  an  inert  gas  is  bubbled  through  the  aqueous  sample  in  a 
purging  chamber  at  ambient  temperature.  tran.sfcrTjng  the  1.2-dichlorobcnzcnc  from 
the  aqueous  pha.se  to  the  vapor  phase  and  onto  a  sortxinl  trap.  The  trap  is  then 
heated  and  backflushcd  to  desorb  the  1.2-dichlorobenzcne  and  transfer  it  onto  a  gas 
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chromatographic  (GC)  column.  Methanol  extracts  of  the  sample  may  also  be 
subjected  to  this  purge  and  trap  procedure  (Methods  8010  and  8020).  For  Methods 
612,  625,  1625,  8120,  and  8250,  samples  are  extracted  with  methylene  chloride  as  a 
solvent  using  a  separatory  funnel  or  a  continuous  liquid-liquid  extractor.  An  aliquot 
of  the  concentrate  sample  extract  is  injected  onto  the  GC  column  using  a  solvent 
flush  technique  (Methods  C2S  and  1625)  or  the  extract  is  concentrated,  dried,  and 
solvent  exchange  to  hexane  prior  to  analj-sis  (Methods  612,  8120,  and  8250).  The 
GC  column  is  programmed  to  separate  the  organks;  1,2-dichlorobetuene  is  then 
detected  with  a  halide  specific  detector  (Methods  601  and  8010),  a  photo-ionizatibn 
detector  (Methods  602  and  8020),  an  electron-capture  detector  (Methods  612  and 
8120),  or  a  mass  spectrometer  (Methods  625,  1625,  and  8250). 

The  EPA  procedures  recommended  for  1,2-dichlorobenzene  analysis  in  soil  and 
waste  samples.  Methods  8010,  8020,  8120,  and  8250  (63),  differ  from  the  aqueous 
procedures  primarily  in  the  method  by  which  the  analyte  is  introduced  into  the  GC. 
The  sample  preparation  in  Methods  ^10  and  8020,  involves  dispersing  the  soil  or 
waste  sample  in  water  prior  to  'purge  and  trap.*  Alternatively,  methanol  extracts  of 
the  sediment/soil  may  be  subjected  to  the  purge  procedure  d^ribed  above.  Hexane 
has  also  been  used  to  extract  1,2-dichlorobenzene  from  sludge  samples  (3169).  The 
extract  is  *cieaned-up'  on  an  alumina  column,  concentrated,  and  then  analyzed  by 
capillary  GC.  Other  sample  introduction  techniques  include  direction  injection  and  a 
headspace  method  where  an  aliquot  of  the  vapor  above  the  sample  in  a  sealed  vial  is 
analyzed.  Recoveries  for  the  headspace  technique  may  vary  depending  upon  the 
concentration  (3355).  In  Methods  8120  and  82k),  solid  samples  are  extracted  using 
either  soxhlet  extraction  or  sonication  methods.  Neat  and  diluted  organic  liquids  may 
be  analyzed  by  direct  injection. 

Typical  1.2-dichIorobcnzcnc  detection  limits  that  can  be  obtained  in  wastewaters 
and  non-aqueous  samples  (wastes,  soils,  etc.)  are  shown  below.  The  1.2-dichloro¬ 
benzene  detection  limit  for  Method  624  was  not  determined.  The  actual  detection 
limit  achieved  in  a  given  analysis  will  vary  with  instrument  sensitivity  and  matrix 
effects. 


Aqueous  Detection  Limit 

0.15  ug/l  (Method  601) 
0.4  fig/L  (Method  602) 
1.14  nz/L  (Method  612) 
1.9  ng/L  (Method  625) 

10  *ig/L  (Method  1625) 

I. 5  ng/L  (Method  8010) 
4.0  ng/L  (Method  8020) 

II. 4  ligfL  (Method  8120) 
19  fig/L  (Method  8250) 


Non-Aoueous  Detection  Limit 

1.5  ng/kg  (Method  8010) 

4.0  ngfkg  (Method  8020) 

0.8  uglg  (Method  8120) 

1.3  ng/g  (Method  8250) 
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COMMON 

SYNONYMS: 

14-Dict)Jorobenzene 

ro-Dichlorobenzene 

m-DidiJorobeazol 

m-Pbenylenc- 

dicbiohde 


CAS  REG.no.: 

FORMULA; 

541-73-1 

C*HA 

NIOSH  NO: 

CZ4499000 

STRUCTURE; 

Cl 

xy" 

AIR  W/V  CONVERSION 
FACTOR  at  25‘’C  (12) 

601  mg/in’s  1  ppm; 

0.1663  ppms  Itng/m^ 


MOLECULAR  WEIGHT: 
147.0 


REACnVITY 


Reactions  of  bafogenated  organic  materiak  such  as  1,3-di- 
chlorobeinzene  with  cyanides,  mercaptans  cr  other  organic 
suiltdes  typically  generate  beat,  while  those  with  amines, 
azo  compounds,  hydrazines,  caustics,  or  nitrides  commonly 
evolve  heat  and  toxic  or  flammable  gases.  Reactions  with 
oxidizing  mineral  acids  may  generate  heat,  toxic  gases,  and 
fires.  Those  with  alkali  or  alkaline  earth  metak,  certain 
other  chemically  active  elemental  metak  like  aluminum. 
Calcium,  zinc  or  magnesium,  organic  peroxides  or  hydro- 
roxides,  strong  oxidizing  agents,  or  strong  reducing  agents 
typically  result  in  heat  generation  and  explosions  aud/or 
fires  (511,  505). 


•  Physical  State:  Liquid  (at  20®C) 

(23) 

•  Color:  Colorless 

(23) 

•  Odor:  No  data 

•  Odor  Threshold:  No  data 

(23) 

PHYSICO- 

•  Density:  1.28P0  g/mL  (at  20“C) 

(14) 

CHEMICAL 

•  FreezeAlclt  Point:  •24.80®C 

(14) 

DATA 

•  Boiling  Point:  172,00°C 

•  Flash  Point:  No  data 

(14) 

•  Flammable  Limits:  No  data 

•  Autoignition  Temp.:  No  data 

•  Vapor  Pressure:  1.60  mm  Hg  (at  20®C) 

(1219) 

26-2 


13-DICHLOROBENZENE 


•  Satd.  Cone  in  Ain  lJ900E-f04 

mg/m’  (at  20*C) 

(265) 

•  Solubility  in  Water  1.23E-f02 

mg/L  (at  25X1) 

•  Viscosity;  1.025  cp  (at  20X1) 

(21) 

PHYSICO- 

•  Surface  Tension:  3.6200E-f-01 

CHEMICAL 

dyo/cm  (at  20*C) 

DATA 

•  Log  (Octanol- Water  Partition 

(Cont.) 

CoeCf.):  3.60 

(29) 

•  Soil  AdMrp.  Coeff.:  1.92E+03 

•  Henry’s  Law  Const:  3J5E-03 

(652) 

atm  •  mVmol  (at  20“Q 

(74) 

•  Bioconc.  Factor  6.60E-t-01 

(bluegills),  1.90E-t-02  (estim) 

(278,659) 

PERSISTENCE 
IN  THE  SOIL- 
WATER 
SYSTEM 


13-Dichiorobenzene  is  expected  to  have  limited  mobility 
in  soils,  particularly  in  soils  with  1-2%  organic  content; 
some  migration  in  deep  or  sandy  soils  may  occur. 

Persiste  ice  in  soils  is  probably  high.  Volatilization  from 
aaueous  solutions  is  expected  to  occur,  but  volatilization 
from  soils  is  less  significant.  Biodegradation  in  soil 
environments  is  not  expected  to  be  important. 


PATHWAYS 

OF 

EXPOSURE 


The  primary  pathway  of  concern  from  a  soil-water 
system  is  probably  the  migration  of  1,3-dichlorobenzene 
to  groundwater  drinking  water  supplies.  However,  it  is 
moderately  to  strongly  sorbed,  and  extensive  migration 
under  most  conditions  is  not  expected.  Inhalation  could 
also  be  an  important  route  of  exposure  under  certain 
conditions. 
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HEALTH 

HAZARD 

DATA 


Signs  and  Symptoou  of  Sbort-tenn  Human  Exposure; 


No  reports  on  the  effects  of  human  exposure  to 
chlorr^nzene  were  located.  Effects  are  probably 
analogous  to  those  noted  with  the  1^-  and  1,4-isomers 
(see  Chapters  25  and  27). 

Acute  Toxicity  Studies:  No  data 

crm  Effects:  No  data 


Pregnancy/Neonate  Data:  Not  teratogenic  in  rats  (200 
me/ke/dav.  on  eesiation  davs  6-151. 


Genotoxicitv  Data:  Conflicting  data _ 

Carcinogenicity  Classification: 
lARC  -  No  data 
NTP  -  No  data 

EPA  -  Group  D  (not  classifiable  as  to  human 
carcinogenicity) 


HANDLING 

PRECAUTIONS 

(45,54) 


Handle  chemical  only  with  adequate  ventilation 

•  There  are  no  formal  guidelines  available  for  this 
chemical  with  respect  to  respirator  use.  Use  a  self- 
contained  breathing  apparatus  with  a  full  facepiece  (or 
the  equivalent)  where  there  is  any  doubt  as  to  the 
efficacy  of  gas  masks  or  cartridge-type  respirators 

•  Chemical  goggles  if  there  is  probability  of  eye  contact 

•  Appropriate  clothing  to  prevent  repeated  or  pro¬ 
longed  skin  contact. 


ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS  AND 

CRITERIA 


Standards 

•  OSHA  (8-hr  TWA):  None  established 

•  AFOSH  PEL  (8-hr  TWA):  None  established 

Criteria 

•  NIOSH  IDLH  (30-min):  None  established 

•  NIOSH  REL:  None  established 

•  ACGIH  STEL  (15-min):  None  established 


/ 
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ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS  /  O 

CRITERIA  (ConL) 


WATER  EXPOSURE  LIMITS: 

Drinking  Water  Standards  (3883) 

MCLu:  600  /ig/L  (proposed) 

MCL*  600  /ig/L  (profxxed) 

EPA  Health  Advisories  and  Cancer  Risk  Levels  (3977) 

The  EPA  has  developed  the  following  Health  Advisones  which  provide 
specific  advice  on  the  levels  of  contaminants  in  drinking  water  at  which 
adverse  health  effects  would  not  be  anticipated 

-  iKlay  (child):  9000  /ig/L 

-  lO^ay  (child):  9000  /ig/L 

-  longer-term  (child):  9(^  /ig/L 

-  longer-term  (adult):  30,000  /ig/L 

•  lifetime  (adult):  600  /ig/L 

WHO  Drinking  Water  Guideline 
No  information  available 

EPA  Ambient  Water  Quality  Criteria 

•  Human  Health  (355) 

-  Based  on  ingestion  of  contaminated  water  and  aquatic  organisms, 
400/i^  dichlorobenzenes  (all  isomers). 

-  BasM  on  ingestion  of  all  contaminted  aouatic  organisms  only,  2.6  mg/L 
dichlorobenzenes  (all  isomers).  Adjustea  for  drinking  water  oniy,  AlO 
/ig/L 

•  Aquatic  Life  (355) 

-  Fresh  water  s/^ies 
acute  toxicity: 

no  criterion,  but  lowest  effect  level  occurs  at  1120  ngfL 
dkhlorobenzenes. 

chronic  toxicity: 

iio  criterion  but  lowest  effect  level  occurs  at  763  /ig/L 
dichlorobenzenes. 

-  Saltwater  species 
acute  toxicity: 

no  criterion,  but  lowest  effect  level  occurs  at  1970  /ig/L 
dichlorobenzenes. 

chronic  toxicity: 

No  criterion  established  due  to  insufficient  data 

REFERENCE  DOSES:  (3742) 

ORAL:  8.900E+01  /ig/kg/day 
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Promulgated  Regulations 
•  Federal  Programs 

Qean  Water  Act  (CWA) 

Dichlorobenzenes  are  designated  hazardous  substances  under  CWA 
They  have  a  reportable  quantity  limit  of  45.4  kg  (347,  3764). 
13-Dichlorobeazeoe  is  listed  as  a  toxic  pollutant,  subject  to  general 
pretreatment  regulations  for  new  and  existing  sources,  and  effluent 
standards  and  guidelines  (351,  3763).  Effluent  limitations  specific  to 
this  chemical  have  been  set  in  the  following  point  source  categories: 
electroplating  (3767),  organic  chemicals,  plastics,  and  synthetic  fibers 
(3777),  steam  electric  power  generating  (3802),  and  metal  finishing 
(3768).  limitations  vary  depending  on  the  type  of  industry  and  plant. 

Safe  Drinb'ng  Water  Act  (SDWA) 

Dichlorobenzene  is  on  the  list  of  83  contaminants  required  to  be 
regulated  under  the  SDWA  of  1974  as  amended  in  1986  by  January, 
1991.  EPA  lists  it  as  an  unregulated  contaminant  requiring  monitoring 
in  all  community  water  systems,  and  non-community  non-transient 
water  systems  (3771).  In  states  with  an  approved  Underground 
Injection  Control  program,  a  permit  is  required  for  the  injection  of 

1.3- dichlcrobenzene  containing  wastes  designated  as  hazardous  under 
RCRA  (295). 

Resource  Conservation  and  Recovery  Act  (RCRA) 

1.3- Dichiorobenzene  is  iden.ified  as  a  toxic  hazardous  waste  (U071) 
and  listed  as  a  hazardous  waste  constituent  (3783,  3784).  A 
non-specific  source  of  13-dichlorobenzene-containing  waste  is 
chlorinated  aliphatic  hydrocarbon  production  (325).  Waste  streams 
from  the  organic  chemicals  mdustry  (chlorobenzene  production)  contain 

1.3- dichlorobenzene  and  are  listed  as  specific  sources  of  hazardous 
waste  (3774,  3765).  1,3-Dichlorobenzene  is  subject  to  land  disposal 
restrictions  when  its  concentration  as  a  hazardous  constituent  exceeds 
designated  levels  (3785).  Effective  July  8,  1987,  the  land  disposal  of 
untreated  hazardous  wastes  which  contain  halogenated  organic 
compounds  in  total  concentrations  gi  eater  than  or  equal  to  1000  mg/kg 
is  prohibited.  Effective  August  8,  1988,  the  underground  injection  into 
deep  wells  of  these  wastes  is  prohibited.  Certain  variances  exist  until 
May,  1990  for  some  wastewaters  and  nonwastewaters  for  which  Best 
Demonstrated  Available  Technology  (BDAT)  treatment  standards  have 
not  been  promulgated  by  EPA  (3786).  1.3-Dichlorobenzene  is  on 
EPA's  groundwater  monitoring  list.  EPA  requires  that  all  hazardous 
waste  treatment,  storage,  and  disposal  facilities  monitor  their 
groundwater  for  chemicals  on  this  list  when  suspected  contamination  is 
first  detected  and  annually  thereafter  (3775). 
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Toxic  Substances  Control  Act  (TSCA) 

Manufacturers,  processors  or  distributors  of  13-dichlorobenzene  must 
report  production,  usage  and  disposal  information  to  EPA.  They,  as 
well  as  others  who  po(>sess  health  and  safety  studies  on  1,3-dichioro- 
benzene,  must  submit  them  to  EPA  (334,  3789).  Under  TSCA  Section 
4,  EPA  requires  that  manufacturers  and  processors  of  1,3-dichIoro- 
benzene  perform  human  health  effects  studies  and  chemical  fate  testing 
in  support  of  the  RCRA  program  (3792). 

Comprehensive  Environmental  Response  Compensation  and  Liability 
Act  (CERCLA) 

13-Dichlorobenzene  is  designated  as  a  hazardous  substance  under 
CERCLA.  It  has  a  reportable  quantity  (RQ)  limit  of  45.4  kg. 
Reportable  quantities  have  also  been  issued  for  RCRA  hazardous 
waste  streams  containing  13-dichlorobenzene  but  these  depend  upon 
the  concentration  of  the  chemicals  in  the  waste  stream  (3766).  Under 
SARA  Title  IH  Section  313,  manufacturers,  processors,  importers,  and 
users  of  13-dichlorobenzene  must  report  annually  to  EPA  and  state 
officials  their  releases  of  this  chemical  to  the  environment  (3787). 

Clean  Air  Act  (CAA) 

After  consideration  of  the  data  regarding  serious  health  eH'ects  from 
ambient  air  exposure  to  chlorinated  benzenes,  EPA  has  decided  not  to 
regulate  them  as  hazardous  air  pollutants  (3685). 

Marine  Protection  Research  and  Sanctuaries  Act  (MPRSA) 

CX^an  dumping  of  organohalogen  compounds  as  well  as  the  dumping 
of  known  or  suspected  carcinogens,  mutagens  or  teratogens  is 
prohibited  except  when  they  are  present  as  trace  contaminants.  Permit 
applicants  are  exempt  from  these  regulations  if  they  can  demonstrate 
that  such  chemical  constituents  are  non-toxic  and  non-bioaccumulative 
in  the  marine  environment  or  are  rapidly  rendered  harmless  by 
physical,  chemical  or  biological  processes  in  the  sea  (309). 

Occupational  Safety  and  Health  Act  (OSRA) 

None  established  (3539) 
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Hazardous  Materials  TraMOortation  Act  (HMTA) 

The  Department  of  Transportation  has  designated  13-<lichlorobenzene 
as  a  hazardous  material  with  a  reportable  quantity  of  45.4  kg,  subject 
to  requirements  for  packaging,  labeling,  and  transportation  (3180). 

State  Water  Programs 
AU.JIA.TES 

All  states  have  adopted  EPA  Ambient  Water  Quality  Criteria  and 
hTPDWRs  (see  Water  Exposure  Limits  section)  as  their  promulgated 
state  regulations,  either  by  narrative  reference  or  by  relisting  the 
specific  numeric  criteria.  These  states  have  promulgated  additional  or 
more  stringent  criteria: 

CALIFORNIA 

California  has  an  action  level  of  130  /ig/L  (ppb)  for  drinking  water. 
This  level  applies  to  either  the  single  1,3-isomer  or  the  sum  of  1,2-and 
1,3-isomers  (3098). 

KANSAS 

Kansas  has  an  action  level  of  620  ngfL  for  groundwater  (3213). 

NEW  JERSEY 

New  Jersey  has  set  an  MCL  of  600  ng!L  for  drinking  water  (3497). 
NEW  YORK 

New  York  has  an  MCL  of  5  for  total  dichlorobenzenes  in 
drinking  water  (3501).  New  York  has  also  set  ambient  water  quality 
standards  for  total  dichlorobenzenes  in  surface  waters:  20  /xg/L  for 
drinking  water  supply  waters,  5  n%fL  for  Qass  A,  A-S,  AA.  AA-S,  B 
and  C  waters,  and  50  ^g/L  for  fresh  surface  waters  class  D  (3500). 

RHODE  ISLAND 

Rhode  Island  has  an  acute  freshwater  quality  guideline  of  390  fig.1^ 
and  a  chronic  gudieline  of  8.7  /ig/L  for  the  protection  of  aquatic  life  in 
surface  waten.  These  guidelines  are  enforceable  under  Rhode  Island 
state  law  (3590). 


26^ 


13-DICHIjOROBENZENE 


SOUTH  MKQIA 

South  Dakota  requires  m-dichlorobenzene  to  be  nondetectable,  using 
designated  test  methods,  in  groundwater  (3671). 

VERMONT 

Vermont  has  a  preventive  action  limit  of  310  /xg/L  and  an  enforcement 
standard  of  620  /xg/L  for  groundwater  (3682).  . 

WISCONSIN 

Wisconsin  has  a  preventive  action  limit  of  125  /xg/L  and  an 
enforcement  standard  of  1250  /xg/L  for  groundwater  (3840).  Wisconsin 
also  has  a  human  threshold  criterion  of  1.5  mg/L  for  Public  Water 
Supply  surface  waters  (3842). 

Proposed  Regulations 

•  Federal  Programs 

No  proposed  programs  are  pending. 

•  State  Water  Prograins 

MOST  STATES 

Most  states  are  in  the  process  of  revising  their  water  programs  and 
proposing  changes  to  their  regulations  which  will  follow  EPA’s  changes 
when  they  become  final.  Contact  with  state  officers  is  advised. 

Changes  are  projected  for  1989-90  (3683) 

.  MINNESOTA 

Minnesota  has  proposed  a  Recommended  Allowable  Limit  (RAL)  of 
620  /xg/L  for  drinking  water  (3451).  Minnesota  has  also  proposed  a 
Sensitive  Acute  Limit  (SAL)  of  1255  /xg/L  for  surface  water,  and 
chronic  criteria  of  620  /xg/L  for  groundwater  and  28  /xg/L  for  surface 
water  for  the  protection  of  human  health  (3452). 

NEW  JERSEY 

New  Jersey  has  proposed  a  water  quality  standard  of  600  /xg/L  for  class 
FW2  surface  waters  (3496). 
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EEC  Directives 

Directive  on  Ground-Water  (538) 

Direct  discharge  into  ground-water  (Le.,  without  percolation  through 
the  ground-or  subsoil)  of  organohalogen  compounds  and  substances 
which  may  form  such  compounds  in  the  aquatic  environment, 
substances  which  possess  carcinogenic,  mutagenic  or  teratogenic 
properties  in  or  via  the  aquatic  environment,  and  mineral  oils  and 
bydixx:arbons  is  prohibited  Appropriate  measures  deemed  necessary  to 
prevent  indirect  discharge  into  ground-water  (i.e.,  via  percolation 
through  ground  or  subsoil)  of  these  substances  shall  be  taken  by 
member  countries. 

Directive  on  the  Quality  Required  of  ShellHsh  Waters  (537) 

The  mandatory  specifications  for  organohalogenated  sul»tances  specify 
that  the  concentration  of  each  substance  in  Ute  shellfish  water  or  in 
shellfish  flesh  must  not  reach  or  exceed  a  level  which  has  harmful 
effects  on  the  shellfish  and  larvae.  The  specifications  for 
organohalogenated  substances  state  that  the  concentration  of  each 
substance  in  shellfish  flesh  must  be  so  limited  that  it  contributes  to  the 
high  quality  of  the  shellfish  product. 

Directive  on  the  Discharge  of  Dangerous  Substances  (535) 
Organohalooens,  carcinogens  or  substances  which  have  a  deleterious 
effect  on  the  taste  and/or  odor  of  human  food  derived  from  aquatic 
environments  cannot  be  discharged  into  inland  surface  waters, 
territorial  waters  or  internal  coastal  waters  without  prior  authorization 
from  member  countries  which  issue  emission  standards.  A  system  of 
zero-emission  applies  to  discharge  of  these  substances  into  ground- 
water. 

Directive  on  Toxic  and  Dangerous  Wastes  (542) 

Any  installation,  establishment,  or  undertaking  which  produces,  holds 
and/or  disposes  of  certain  toxic  and  dangerous  wastes  including  phenols 
and  phenol  compounds;  organic-halogen  compounds,  excluding  inert 
polymeric  materials  and  other  substances  referred  to  in  this  list  or 
covered  by  other  Directives  concerning  the  disposal  of  toxic  and 
dangerous  waste;  chlorinated  solvents;  organic  solvents;  biocides  and 
phyto-pharmaceutical  substances;  ethers  and  aromatic  polycyclic 
compounds  (with  carcinogenic  effects)  shall  keep  a  record  of  the 
quantity,  nature,  physical  and  chemical  characteristics  and  origin  of 
such  waste,  and  of  the  methods  and  sites  used  for  disposing  of  such 
waste. 

EEC  Directive  -  Proposed  Resolution 

Resolution  on  a  Revised  List  of  Second-Categorv  Pollutants  (545) 
13-dichlorobenzene  is  one  of  the  second-category  pollutants  to  be 
studied  by  the  Commission  in  the  programme  of  action  of  the 
European  Communities  on  Environment  in  order  to  reduce  pollution 
and  nuisances  in  the  air  and  water.  Risk  to  human  health  and  the 
environment,  limits  of  pollutant  levels  in  the  environment,  and 
_ determination  of  quality  standards  to  be  applied  will  be  assessed. _ 
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26.1  MAJOR  USES 

Commercial  production  of  13-dichlorobenzene  is  negligible  although  it  has  a 
number  of  potential  uses  as  a  pesticide  (21)  or  fumigant  (23).  It  may  occur  as  a 
contaminant  of  1,2*  or  1,4-dichlorobenzene  formulations. 


26l2  environmental  fate  and  exposure  pathways 

2612.1  Transport  in  SoQAjiound-watcr  Systuns 

263.1.1  Overview 

The  1,3  -isomer  of  diclxloroberjzene  may  move  through  the  soil/ground-water 
system  when  present  at  low  concentrations  (dissolved  in  water  and  sorbed  on  soil)  or 
as  a  separate  organic  phase  (resulting  from  a  spill  of  significant  quantities  of  the 
chemical).  In  general,  transport  pathways  of  low  soil  concentrations  can  be  assessed 
by  estimating  equilibrium  partitioning,  as  shown  in  Table  26-1. 

These  calculations  estimate  the  partitioning  of  13-dichlorobenzene  among  soil 
particles,  soil  water  and  soil  air.  Portions  of  13-dichlorobenzene  associated  with  the 
water  and  air  phases  of  the  soil  have  higher  mobility  than  the  adsorbed  portion. 

Estimates  for  the  unsaturated  topsoil  model  indicate  that  99.6%  of  the  1,3-di- 
chlorobenzene  is  expected  to  be  sorbed  onto  soil  particles.  Approximately  0.3%  is 
expected  to  partition  to  the  soil-water  phase,  and  is  thus  available  to  migrate  by  bulk 
transport  (e.g.,  the  downward  movement  of  infiltrating  water),  dispersion  and  dif¬ 
fusion.  For  the  small  portion  of  13-dichlorobenzene  in  the  gaseous  phase  of  the  soil 
(approximately  0.1%),  diffusion  through  the  soil-air  pores  up  to  the  ground  surface, 
and  subsequent  removal  by  wind,  may  be  a  significant  loss  pathway. 

In  saturated,  deep  soils  (containing  no  soil  air  and  negligible  soil  organic  carbon), 
a  higher  fraction  of  the  13-dichlorobenzene  (11%)  is  predicted  to  be  present  in  the 
soil-water  phase  (Table  26-1)  and  available  for  transport  with  flowing  ground  water. 
Sorption  onto  deep  soils  (89%)  is  less  than  onto  top  soils,  but  may  have  some  effect 
on  mobility.  Overall,  ground  water  underlying  13-dichlorobenzene-contaminated  soils 
with  low  organic  content  is  expected  to  be  vulnerable  to  contamination. 

263.13  Sorption  on  Soils 

The  mobiliby  of  1,3-dichlorobenzene  in  the  soil/ground-water  system  (and  its 
eventual  migration  into  aquifers)  is  strongly  affected  by  the  extent  of  its  sorption  on 
soil  particles.  In  general,  sorption  on  soils  is  expected  to: 
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TABLE  26-1 

EQUILIBRIUM  PARTITIONING  CALCULATIONS  FOR 
U-DICHLOROBENZENE  IN  MODEL  ENVIRONMENTS* 


Soil 

Estimated  Percent  of  Total  Mass  of  Chemical  in  Each  Compartment 

Environment 

Soil 

Soil-Water  Soil-Air 

Unsaturated 

, 

topsoil* *'' 
at  25*C 

99.6 

0.3  0.1 

Saturated 

deep  soil^ 

89.0 

11.0 

a)  Calculations  based  on  Mackay’s  equilibrium  partitioning  model  (34,  35,  36);  see 
Introduction  for  description  of  model  and  environmental  conditions  chosen  to 
represent  an  unsaturated  topsoil  and  saturated  deep  soil.  Calculated  percentages 
should  be  considered  as  rough  estimates  and  used  only  for  general  guidance. 

b)  Utilized  soil  sorption  coefficient  estimated  with  equations  of  Means  et  al.  (611): 

=  1920. 

c)  Henry’s  law  constant  taken  as  3.55E-03  atm  •  mVrpol  al  25*C  (74) 

d)  Used  sorption  coefficient  (Kp)  calculated  as  a  function  of  K,„  assuming  0.1% 
organic  carbon:  K,  =  0.001  x  K«. 


•  increaM  with  increasing  soil  organic  matter  content; 

•  increase  slightly  with  decreasing  temperature; 

-  increase  moderately  with  increasing  salinity  of  the  soil  water,  and 

-  decrease  moderately  with  increasing  dissolved  organic  matter  content  of  the  soil 
water. 

There  are  no  studies  specifically  addressing  the  transport  of  1,3-dichlorobenzene. 
However,  the  results  reported  for  other  chlorobenzenes  applied  to  sandy  soils  (82) 
indicate  that  25-50%  of  the  applied  material  percolates  through  soil  columns  of  low 
organic  content  and  »h<it  50-75%  of  the  ma'"  rial  may  be  volatilized,  degraded  or 
otherwise  unaccountixl  for.  The  behavior  of  U-dichlorobenzene  is  expected  to  be 
similar. 

Other  laboratory  sorption  studies  (608)  indicate  that  sorption  of  the  chloro¬ 
benzenes  by  sediments  and  aquifer  material  is  a  reven'ble  process.  Retardation  rales, 
which  represent  the  interstitial  water  velocity/pollutant  velocity  in  the  soil,  were 
predicted  by  Wilson  et  al.  (82)  to  range  from  1.9  to  7.0  for  chlorobenzenes  in  sandy 
soils.  Retardation  factors  reported  by  Schwarzenbach  et  al.  (77)  for  1,4-dichloro¬ 
benzene  range  from  18-70  for  river  sediment  to  1-2.7  for  an  aquifer  far  from  the 
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river  bed  (77).  These  aata  indicate  some  reurdatioo  (i.e.,  adsorption)  in  soils  having 
1-2%  organic  carbon  and  little  or  no  reurdation  in  deep  soils  having  less  than  0.1% 
organic  carbon;  infiltration  of  dichlorobenzcnc  in  river  water  to  the  ground  water  was 
observed. 

26l2.U  Voladlizatioa  Cnm  Soda 

Transport  of  l^-dichlorobenzene  vapors  through  the  air-Gllcd  pores  of  un¬ 
saturated  soils  may  occur  in  near-surface  soils.  However,  modeling  results  suggest 
only  a  small  fraction  of  the  dichlorobenzene  loading  is  expected  to  be  in  the  soil-air 
compartment.  In  general,  important  soil  and  environmental  properties  influencing  the 
rate  of  volatilization  include  soil  porosity,  temperature,  convection  currents  and 
barometric  pressure  changes;  important  physicochemical  properties  include  the 
Henry’s  law  constant,  the  vapor-soii  sorption  coefficient,  and,  to  a  lesser  extent,  the 
vapor  pha.se  diffusion  coefTicient  (31). 

The  Henry's  law  constant  (H),  which  provides  an  indication  of  a  chemical’s 
tendency  to  volatilize  from  solution,  is  expected  to  increase  significantly  with  i:  • 
creasing  temperature.  Moderate  increases  in  H  were  also  observed  with  increasing 
salinity  and  the  presence  of  other  organic  compounds  (81),  These  results  suggest  that 
the  prtaenci  of  other  materials  may  significantly  affect  the  volatilization  of  1,3-di- 
chlorobenzene. 

No  information  was  available  for  the  two  other  physicochemical  properties 
influencing  1.3-dichlorobcnzene  volatilization,  i.e.,  the  vapor-soil  sorption  coefficient 
and  the  vapor  phase  difTusion  coeflicient. 

Available  data  for  other  dkhlorobenzcnes  indicate  that  volatilization  from  the 
water  column  occurs  at  a  relatively  rapid  rite.  Garrison  and  Hill  (fiOO)  reported 
almost  complete  volatilization  (to  less  than  1  mg/L)  of  100  mgA-  arid  300  mgT 
concentrations  of  dichlorobcnzenes  in  less  than  four  hours  from  aerated  distilled 
water  and  in  less  than  three  days  from  unaerated  distilled  water.  Volatilization  was 
also  identified  as  the  major  removal  process  for  the  1,4-dichlorobenzcne  isomer  from 
seawater  (527).  Half-lives  obtained  for  spring,  summer,  and  winter  conditions  were 
18,  10  and  13  days,  respectively;  similar  rates  would  be  expected  for  1.3-dichloro- 
benzene 

Actual  volatilization  rales  from  water  will  depend  on  factors  such  as  depth., 
turbulence,  and  other  environmental  conditions.  Furthermore,  compared  to  volatiliza¬ 
tion  from  well-stirred  aqueous  solutions,  volatilization  of  some  near-surface  chlor¬ 
inated  organics  from  soil  was  inhibited  by  approximately  one  order  of  magnitude  (82), 

In  the  atmosphere.  1.3-dichlorobenzene  should  exist  mainly  in  the  vapor  pha.se 
and  is  expected  to  react  with  photochemically  generated  hydroxyl  radicals  (3949). 
Using  a  rate  comtant  of  0.72E-12  cmVmoIccule-scc  at  22*C  and  an  ambient  hydroxyl 
radical  concentration  of  8E-f05  moicculcs/cm’,  the  half-life  for  1.3-dichloroberizcnc  in 
air  of  was  estimated  to  be  14  days  (3894).  The  detection  of  dichlorobenzene  isomers 
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in  rain  water  (3930)  suggests  that  atmospheric  removal  through  washout  is  also 
possib'ie  (3949). 

26l22  Transfonnation  Proceaset  in  SoiUGitwnd-water  Systems 

The  persistence  of  13-dichlorobenzene  in  soil/ground-water  systems  is  not  well 
documented.  In  most  cases,  it  should  be  assumed  that  13-dichbrobenzene  will 
persist  for  months  to  yean  (or  more).  Based  on  information  for  the  other  dichloro¬ 
benzenes,  1,3-dichlorobenzene  that  has  been  released  from  the  soil  into  the  air  is 
expected  to  undergo  photochemical  oxidation  with  a  half-life  in  air  of  approximately  3 
days  (609)  and  an  atmospheric  residence  time  of  approximately  38.6  days  (601). 

No  information  on  the  hydrolysis  of  13-dichlorobenzene  in  the  soil/ground-water 
system  was  available;  under  normal  environmental  conditions,  hydrolysis  is  not 
expected  to  occur  at  a  rate  competitive  with  volatilization  or  biodegradation. 

The  1.3-isomer  of  dichlorolienzrnc  is  not  expected  to  be  rapidly  biodegraded  in 
the  environment.  The  more  halogcnatcd  a  compound  is.  the  more  resistant  it 
becomes  to  bicxlegradation,  implying  that  1 ,3-dichlorobenzene  is  more  persistent  than 
chlorobenzene,  which  is  significantly  degraded  only  by  actuated  microbial  populations. 
Furthermore,  the  presence  of  a  chlorine  atom  on  the  benzene  ring  has  been  reported 
to  retard  the  rate  of  biodegradation  (10).  Thom  and  Agg  (80)  have  listed  1.3-dichlor- 
obenzcnc  as  a  synthewc  material  which  is  unlikely  to  be  removed  during  biological 
sewage  treatment. 

However,  several  authors  have  reported  the  biodegradation  of  other  dichlor¬ 
obenzene  isomen,  particularly  by  acclimated  microbial  populations.  Kincannon  ct  al. 
(613)  report  biodegradation  of  83  rngT  1.2-dichlorobcnzcnc  by  activatcd-sludgc 
populations. 

Dichlorobcnzenes  were  only  slowly  degraded  by  soil  microbes  in  culture  (610). 
and  no  degradation  was  noted  in  studies  on  the  transport  and  degradation  of 
dichlorobcnzenes  injected  into  ground  water  (397).  Scbwartzenbach  et  al.  (77)  report 
biotransformation  of  the  1.4-dichlorobcnzcne  isomer  during  infiltration  of  con¬ 
taminated  river  water  to  ground  water.  However,  anaerobic  conditions  in  the  aquifer 
were  reported  to  have  hindered  the  proces.s. 

In  most  soil/ground-watcr  systems,  the  aincentration  of  microorganisms  capable 
of  biodegrading  chemicals  such  as  1,3-dichiorobenzcne  is  expected  to  be  low.  and  to 
drop  off  sharply  with  increasing  depth.  Thas,  biodegradation  in  the  deep 
soil/ground-watcr  system  should  be  avsumed  to  be  of  minimal  importance  except, 
perhaps,  near  landfills  with  active  microbiological  populations. 

26JL3  Primary  Routes  of  Expesure  Fiom  Sofl/Gmuixl-walcr  Syttrna 

The  above  dlscavsion  of  fate  pathways  suggests  that  1.3-dichlorobcnzenc  is  highly 
volatile  from  aqueoas  solutions,  mcxlcratcly  to  strongly  adsorbed  by  soil,  and  has  a 
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moderate  potential  for  bioaccumulation.  This  compound  may  volatilize  from  soil 
surfaces.  Through  time,  the  portion  not  removed  by  volatilization  may  be  somewhat 
mobile  in  ground  water.  Thc^  fate  characteristks  suggest  several  potential  exposure 
pathways. 

Volatilization  of  13'<lich]orobenzene  from  a  disposal  site,  particularly  during 
drilling  or  restoration  activities  could  result  in  inhalation  exposures.  There  is  a 
potential  for  ground-water  contaminatioo,  particdsjiy  'n  sandy  soil.  This  compound 
was  not  reported  by  Mitre  Corp.  (83)  in  their  summary  of  the  chemicals  found  in  air, 
surface  water  and  ground-water  associated  with  the  546  National  Priority  List  sites.  It 
was  monitored  in  the  Ground-water  Supply  Survey  (GWSS)  but  it  was  not  found  in 
any  of  the  samples  (531).  This  survey  examined  ^5  ground-water  supplies  in  the 
U.S.  The  13-isomer  of  dichlorobenzene  was  detected  in  the  National  Organic 
Monitoring  Survey  (NOMS)  (90).  In  this  survey  of  both  surface  and  ground-water 
supplies,  13-dichlorobenzcne  was  detected  in  2  out  of  110  samples  with  a  mean 
concentration  (of  the  positives)  of  C.IO  /ig/L 

The  properties  of  1 ,3-dichlorober.zcne  and  the  survey  results  above  indicate  that 
this  compound  has  a  limited  potential  for  movement  in  soil/ground-water  systems.  If 
however,  this  compound  reaches  surface  waters  from  ground  water,  several  other 
exposure  pathways  are  possible; 

•  Surface  waters  may  be  used  as  drinking  water  supplies,  resulting  in  direct 
ingestion  exposures: 

•  Aquatic  organisms  residing  in  these  waters  may  be  coasumed,  also  resulting  in 
ingestion  exposures  through  bioaccumulation; 

•  Recreational  use  of  these  waters  may  result  in  dermal  exposures; 

•  Domestic  animals  may  consume  or  be  dermally  exposed  to  contaminated  ground 
or  surface  waten;  the  consumption  of  meats  and  poultry  could  then  result  in 
ingestion  exposures. 

In  general,  exposures  associated  with  surface  water  contamination  can  be 
expected  to  be  lower  than  exposures  from  drinking  contaminated  ground  water  for 
two  reasons.  First,  the  Henry’s  law  constant  for  1,3-dichIorobcnzcne  suggests  that  it 
wiil  volatilize  upon  reaching  surface  waters.  Sectmdly.  because  1,3-dichlorobcnzcne  is 
moderately  to  strongly  adsorbed,  the  concentration  reaching  surface  waters  will  be 
attenu.'.ted  through  adsorption  to  sediments.  As  a  result,  this  compound  is  not  likely 
to  be  nvailablc  ‘o  aquatic  species,  although  the  bioaccumuiation  potential  is  moderate. 

26JL4  Other  Sourca  of  Exposure 

The  volatility  of  1,3-dirhlorobcnzcne  suggests  that  it  may  be  found  in  air. 
Brtxl/m.sky  and  Singh  (84)  compiled  all  available  atmospheric  data  for  a  number  of 
volatile  organics.  For  1.3-dichlorobenzcne,  they  had  data  for  792  locations.  Thus 
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compound  was  not  found  in  rural  and  remote  locations.  In  urbaii  and  suburban 
areas,  the  median  concentration  was  0.036  tifjva?.  In  source-dominated  locations,  the 
median  concentration  was  0.56  ng'w?.  These  results  suggest  the  possibility  of 
inhalation  exposure,  particularly  to  persons  in  source-dominated  areas. 

There  is  a  lack  of  data  on  the  occurrence  of  13*d>chlorobeazene  in  finished 
surface  water  supplies.  £>iacharge  of  industrial  effluents  contaminated  with  1,3-di¬ 
chlorobenzene  near  drinking  water  intakes  in  surface  water  could  potentially  result  in 
ingestion  exposures.  There  has  been  concern  regarding  the  inadvertent  production  of 
chlorobenzenes  through  chlorination  of  sources  or  effluents  containing  benzene.  The 
data  that  exist  seem  to  indicate  that  chlorination  is  not  a  significant  inadvertent 
source  (265). 

Because  bioaccumulation  of  13-dichiorobenzene  is  expected  to  be  moderate, 
there  is  a  potential  for  ingestion  exposure  from  the  consumption  of  aquatic  organisms 
residing  in  contaminated  waters,  and  contaminated  meats  and  poultry  from  domestic 
animals  that  have  been  exposed  to  13-dichlorobenzene. 


26J  HUMAN  HEALTH  CONSIDERATIONS 

263.1  Animal  Studies 

263.1.1  Carcinogeoidty 
No  data  are  available. 

2tk3.13  Genotoxicity 

Genotoxicity  dats  for  1,3-dichlorobcnzcne  are  conflicting.  In  an  in  vivo  micro- 
nucleus  asscy,  8-week-old  NMRI  male  mice  were  injected  intrapcritoneally  with  175, 
3.50,  525,  or  700  mg  of  1,3-dichlorobenzcne/kg  body  weight.  Each  dose  was  ad¬ 
ministered  in  two  injections,  24  hours  apart,  and  the  animals  were  sacrificed  6  hours 
au^r  the  last  injection.  Statistically  significant,  dose-related  increases  in  micronuclei 
were  observed  in  the  bone  marrow  cells  (3464). 

No  revenions  significantly  above  control  values  have  been  observed  in  the 
Salmonella/microsome  assay  (.^464,  3646,  3276),  in  an  csli  reversion  test,  or  in  a 
Bacillus  subtilis  DNA-deHcicnt  repair  test  (3465). 

263.13  Teratogenicity,  EmbryotcsDdty  and  Reproductive  Effects 

No  teratogenic  effects  were  observed  in  Sprague-Dawicy  rats  administered  50, 
100  or  200  mg/kg  1,3-dichlorobcnzene  by  gavage  on  c'iys  6  through  15  of  gestation 
(269). 
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26l3.1.4  Other  TcnookigK  Effects 
263.1.4.1  Shart-tenn  Taaddty 

little  toxicity  data  are  available  on  13-dichlorobenzene,  liver  dysfunction  was 
observed  in  rats  that  were  administered  13-dichlorobenzene  by  gastric  intubation  at  a 
dose  of  900  to  1000  mg/lcg/day  for  9  days  (279).  Intraperitoneal  injection  of  male  rats 
with  192  mg/kg  produced  minimal  liver  necrosis  and  some  glycogen  loss  (280). 

In  vivo  studies  with  Fischer  rats,  in  which  the  hepatotoxic  effects  of  three 
dichlorobenzenes  were  compared,  indicated  that  the  isomers  tested  can  be  ranked  as 
follows:  13-d'chlorobenzene  >  13-dichlorobenzene  >  1,4-dichlorobenzcne  (1,4- 
dichlorobenzene  was  not  hepatotoxic  in  this  study)  (3940).  The  toxicity  rankings  were 
based  on  plasma  glutamic  pyruvate  transaminase  activities  24  hours  after  the  rats  were 
injected  i.p.  with  doses  of  the  isomers  ranging  from  0.9  to  4.5  mmol/kg;  the  rankings 
were  supported  by  the  results  of  in  vitro  studies. 

263.1.43  Chronic  Toxicity 

No  data  are  available  regarding  the  long-term  toxic  effects  of  13-dichloro¬ 
benzene  in  animals. 

2633  Human  and  Epidemiologic  Studies 

A  40-year-old  workman  developed  chronic  lymphatic  leukemia  after  10  years  of 
occupational  exposure  to  a  solvent  conuining  80%  1,2-,  15%  1,4-,  and  2%  1,3-di¬ 
chlorobenzene.  A  55-year-old  woman  exposed  to  the  same  mixture  for  an  unspecified 
period  of  time  developed  acute  myeloblastic  leukemia  (273277).  No  conclusions  can 
be  drawn  as  to  the  causes  of  these  leukemias;  no  evidence  of  benzene  exposure  was 
found  in  any  of  these  cases  (202). 

2633  Levdi  of  Coocem 

The  U.S.  Environmental  Protection  Agency  (355)  has  established  an  ambient 
water  quality  criterion  of  400  pg/L  for  the  protection  of  human  health  from  the  toxic 
properties  of  dichlorobenzenes  ingested  through  water  and  contaminated  aquatic 
organisms.  This  criterion  is  based  on  the  maximum  chronic  no-observed-effect  level 
of  13.42  mg/kg/day  reported  for  rats  orally  administered  either  1,2-  or  1,4-dichloro¬ 
benzene  over  s  period  of  5  to  7  months  (254,  271).  Applying  an  uncertainty  factor 
of  1000,  the  acceptable  daily  intake  of  13-  or  l,4-dichloroi«nzene  for  a  70-kg  man 
was  calculated  to  be  0.94  mg/day.  An  oral  Reference  Dose  of  89  ^g/kg/day  has  been 
proposed  by  the  U.S.  EPA  (3742).  The  similar  toxicities  among  the  dichlorobenzene 
isomen  support  the  applicability  of  this  value  to  13-dichlorobcnzene  as  well.  The 
USEPA  has  proposed  a  value  of  600  ng/L  as  both  the  MCLG  and  MCL  for  drinking 
water  (3883). 
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Based  on  the  paudty  of  available  data  on  potential  carcinogenic,  mutagenic, 
short-term  and  chronic  toxic  effecu  associated  with  exposure  to  1 3-dichlorobenzene, 
an  assessment  of  hazard  for  humans  exposed  to  13-dichloroben2ene  cannot  be  made 
with  any  confidence.  The  health  effects  data  bate  for  the  other  dichlorobenzene 
isomen  (see  Chapters  25  and  27),  although  limited,  does  not  suggest  any  major 
health  h^rd  associated  with  exposure  to  these  compounds.  Until  additiolnal 
toxicological  studies  become  available,  no  reliable  estimate  of  hazard  can  te  es¬ 
tablished  for  humans  exposed  to  13-dichk>robenzene. 


26l4  sampling  and  analysis  considerations 

Determination  of  13-dichlorobenzene  concentrations  in  soil  and  water  requires 
collection  of  a  representative  field  sample  and  laboratory  analysis.  Due  to  the 
volatility  of  13-dichlorobenzene,  care  is  required  to  prevent  losses  during  sample 
collection  and  storage.  Soil  and  water  samples  should  be  collected  in  airtight  glass 
containers  preferably  with  no  headspace;  analysis  should  be  completed  within  14  days 
of  sampling.  In  addition  to  the  targeted  samples,  quality  control  samples  such  as  field 
blanks,  duplicates,  and  spiked  matrices  may  be  specified  in  the  recommended 
methods. 

EPA-approved  procedures  for  the  analysis  of  13-dichlorobenzene,  one  of  the 
EPA  priority  oollutants,  in  aqueous  samples  include  EPA  Methods  601,  602,  612,  624, 
625,  and  1625'  (65)  or  Methods  8010  8020,  8120,  and  8250  (63).  In  Mcth^  601, 
602,  624,  8010,  and  8020  an  inert  gas  is  bubbled  through  the  aqueous  samfile  in  a 
purging  chamber  at  ambient  temperature,  transferring  the  13-dichlorobenzene  from 
the  aqueous  phase  to  the  vapor  phase  and  onto  a  sorbent  trap.  The  trap  js  then 
heated  and  backflushed  to  desorb  the  13-dichlorobenzene  and  transfer  it  onto  a  gas 
chromatographic  (GC)  column.  Methanol  extracts  of  the  sample  may  also  be 
subjected  to  this  purge  and  trap  procedure  (Methods  8010  and  8020).  For  Methods 
612,  625,  1625,  8120,  and  8250,  samples  are  extracted  with  methylene  chloride  as  a 
solvent  using  a  separatory  funnel  or  a  continuous  liquid-h'quid  extractor.  An  ah'quot 
of  the  concentrate  sample  extract  is  injected  onto  the  GC  column  using  ajsolvent 
flush  technique  (Methods  625  and  1625)  or  the  extract  is  concentrated,  drie,  and 
solvent  exchange  to  hexane  prior  to  analysis  (Methods  612,  8120,  and  825j)).  The 
GC  column  is  programmed  to  separate  the  organics;  13-dichlorobenzene  is  j  then 
detected  with  a  halide  specific  detector  (Methods  601  and  8010),  a  photo-ionization 
detector  (Methods  602  and  8020),  an  electron-capture  detector  (Methods  612  and 
8120),  or  a  mass  spectrometer  (Methods  625,  1625,  and  8250). 

The  EPA  procedures  recommended  for  13-dichlorobenzenc  analysis  in  soil  and 
waste  samples.  Methods  8010,  8020,  8120,  and  8250  (63),  differ  from  the  aqueous 
procedures  primarily  in  the  method  by  which  the  analyte  is  introduced  into  (he  GC. 
The  sample  preparr  tion  in  Methods  ^10  and  8020,  involves  dispersing  the  soil  or 
waste  sample  in  water  prior  to  "purge  and  trap."  Alternatively,  methanol  ejrtracts  of 
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the  Mdiment^i]  may  be  subjected  to  the  purge  procedure  described  above.  Other 
sample  introduction  techniques  include  direction  injection  and  a  headspace  method 
where  an  aliquot  the  vapor  above  the  sample  in  a  sealed  vial  is  analyz^.  Recoveries 
for  the  headspace  technique  may  vary  depending  upon  the  concentration  (3355).  In 
Methods  8120  and  8250,  solid  samples  are  extracted  using  cither  soxhlet  extraction  or 
scnication  methods.  Neat  and  diluted  organic  liquids  may  be  analyzed  by  direct 
injection. 

Typical  13-dichlorobenzene  detection  limits  that  can  be  obtained  in  wastewaters 
and  non-aqueous  samples  (wastes,  soils,  etc.)  are  shown  below.  The  13-dichlor¬ 
obenzene  detection  limit  for  Method  624  was  not  determined.  The  actual  detection 
limit  achieved  in  a  given  analysis  will  vary  with  instrument  sensitivity  and  matrix 
effects.  . 


Aqueous  Detection  Limit 

0.32  /ig/L  (Method  601) 

0.4  /ig/L  (Method  602) 
1.19  /ig/L  (Method  612) 

1.9  /ig/L  (Method  625) 

10  /ig/L  (Method  1625) 

3.2  /ig/L  (Method  8010) 

4.0  /ig/L  (Method  8020) 

11.9  /ig/L  (Method  8120) 
19  /ig/L  (Method  8250) 


Non-Aoueous  Detection  Limit 

3.2  /ig/kg  (Method  8010) 

4.0  /ig/kg  (Method  8020) 

0.8  /ig/g  (Method  8120) 

13  /ig/g  (Method  8250) 
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COMMON 

SYNONYMS: 

1 ,4-Dicii)orotenzeoe 
P-QjJoropheoyl- 
chloride 

P-DichJorobeBzene 

P-Dichlorotenzol 

ParadicbiorotKaztne 

PDB 


CAS  REG  NO.:  FORMULA; 

106-i6.7  CtH4aj 
NIOSH  NO 
CZ4550000 


STRUCTURE; 


XT' 


AIR  W/V  CONVERSION 
FACTOR  at  25*C  (12) 

6.01  *  1  ppm; 

0.1663  ppm  »  1  mg/m’ 


MOLECULAR  WEIGHT: 
147.0 


Reactions  of  halogenated  organic  materials  such  as 
1,4-dichIorobenzene  with  cyanides,  mercaptans  or  other 
organic  sulfides  typically  generate  heat,  while  those  with 
amines,  azo  compounds,  hydrazines,  caustics  or  nitrides 
commonly  evolve  heat  and  toxic  or  flammable  gases.  Reac¬ 
tions  with  oxidizing  mineral  acids  may  generate  heat,  toxic 
gases  and  fires.  Those  with  allcali  or  alkaline  earth  metals, 
certain  other  chemically  active  elemental  metals  like 
aluminum,  zinc  or,  magnesium,  organic  peroxides  or  hydro¬ 
peroxides,  strong  oxidizing  agents,  or  strong  reducing  agenu 
typically  result  in  heat  generation  and  explosions  and/or 
fires  (511,  505). 


• 

Physical  State;  Liquid  and  crystals, 
(sublimes  readily)  (at  2CfC) 

(23.45) 

• 

Color:  Colorless  to  white 

(23) 

• 

Odor:  Aromatic 

(12) 

• 

Odor  Thresliold:  15.000  to 

30.000  ppm 

(12) 

PHYSICO- 

• 

Density;  1.2475  g/mL  (at  20*C) 

(68) 

CHEMICAL 

• 

Freeze, ^ell  Point:  53.10*C 

(14) 

DATA 

• 

Boiling  Point:  174.40“C 

(14) 

• 

Rash  Point:  d5.50*C  closed  cup 

(23) 

• 

• 

Flammable  Limits;  2.50  to  ?%  by 
volume; 

Autoignition  Temp.:  No  data 

(38) 

• 

Vapor  Pressure:  6.00E-01  mm  Hg 
(at  20*0) 

(67) 
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•  Satd.  Cone,  in  Ain  4.8000E+03 
mg/m’  (at  20*C) 

(67) 

•  Solubility  in  Water:  8.00E+01 
mg/L  (at  IffC) 

(38) 

•  Viscofiitj-  1.258  cp  (at  20“C) 

(48) 

•  Surface  Tension:  3.1400E+01 

(21) 

PHYSICO- 

dyne/cm  (at  20“C) 

CHEMICAL 

•  Log  (Octanol-Water  Partition 

(29) 

DATA 

Coeff.):  3J9 

(Cont.) 

•  Soil  Adsorp.  Coeff.:  1.18E+03 

(652) 

•  Henry’s  Law  Const:  U8E-03 
atm  •  mVmol 

(74) 

•  Bioconc.  Factor:  6.00E-t-Ol 
(bluegills),  1.17E+02  (estim) 

(278,659) 

PERSISTENCE 

1,4- Dichlorobenzene  is  expected  to  have  limited  mobility 
in  soils  with  1-2%  organic  content  although  some  migra¬ 
tion  is  expected  in  sandy  soils  or  other  low  organic 
content  soils.  This  compound  will  persist  in  the  soil/ 

IN  THE  SOIL- 

ground-water  system.  Volatilization  from  aqueous  solu- 

WATER 

tions  is  rapid  but  volatilization  from  soils  is  expected  to 

SYSTEM 

be  much  less  significant;  biodegradation  in  soils  is  not 

expected  to  be  important. 

PATHWAYS 

The  primary  pathway  of  concern  from  a  soil-water 
system  is  the  migration  of  1,4-dichlorobenzene  to 
groundwater  drinking  water  supplies,  although  there  is 

OF 

1)0  extensive  evidence  that  such  migration  has  occurred 

EXPOSURE 

in  the  past.  Inhalation  resulting  from  volatilization  from 

surface  soils  may  also  be  important 

IADICHLOROBENZENE 


HEALTH 

HAZARD 

DATA 


Signs  and  Symptoms  of  Short-term  Human  Exposure; 
m  54^ 


Vapon  are  irritating  to  the  eyes,  nose  and  throat 
Ex^ure  may  cause  headache,  rhinitis,  loss  of  appetite, 
nausea  and  vomiting.  Particles  of  solid  1,4-dichloro¬ 
benzene  in  contact  with  the  eye  may  cause  pain;  held  in 
contact  with  the  skin,  it  also  produces  a  burning 
sensation,  with  a  sh’ght  irritation. 


(3504) 


ORAL; 

LDm  ^  cagAg 
TDi^  300  mg/kg 
LDm  2830  mg/kg 
LDt,  2800  mgAg 
LDm  2950  m^g 
LDu  857  mg/kg 


Rat 

Human 
Rabbit 
Guinea  pig 
Meuse 
Human 


Carcinogenicity  Qassiilcation: 
lARC  -  Group  2B  (possibly  carcinogenic  to  humans) 
NT?  -  ’Qear  evidence"  of  carcinogenicity  in  male 
F344/N  rats  and  male  and  female  B6C3F, 
mice 

EPA  •  Group  C  (possible  human  carcinogen) 


HANDLING 

PRECAUTIONS 

(38,54,59) 

Handle  chemical  only  with  adequate  ventilation  •  Vapor 
concentration  of  75-1000  ppm;  any  supplied-air  respira¬ 
tor  or  selfcontained  breathing  apparatus  with  a  full 
facepiece;  chenucal  cartridge  respirator  wth  full 
facepiece,  organic  vapor  cartridge  and  dust  filter 

•  Above  10(W  ppm:  self-contained  breathing  apparatus 
with  full  facepiece  operated  in  a  positive  pressure  mode 

•  Chemical  giggles  if  there  is  probability  of  eye  contact 

•  Protective  clothing  and  rubber  gloves  and  aprons  arc 
advisable  to  prevent  prolonged  or  repeated  contact. 

1,4-DICKLOROBENZENE 


ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS  AND 

CRTTERLA 


Standards 

•  OSHA  (8-hr  TWA):  75  ppm;  STEL  (15  min):  110  ppm 

•  AFOSH  PEL  (8-hr  TWA):  75  ppm;  STEL  (15-nun):  110  ppm 

Criteria 

•  NICSH  IDLH  (30  min):  1000  ppm 

•  ACGIH  TLV®  (8-hr  TWA):  75  ppm 

•  ACGIH  STEL  (15-min):  110  ppm 


WATER  EXPOSURE  LIMITS: 


Drinking  Water  Standards  (3883) 

MCGL:  75  m/L 
MCL:  75  /ig/L 

ries  and  Cancer  Risk  Leveb 


The  EPA  has  developed  the  following  Health  Advisories  which  proviae 
specific  advice  on  the  leveb  of  contaminants  in  drinking  water  at  which 
adverse  health  efl^ects  would  not  be  anticipated. 

-  1-day  (child):  10,000  tig/L 

10-day  (child):  10,000  jUg/L 
•  longer-term  (child):  10,000  fig/L 

-  longer-term  (adult):  40,000  jig/L 

-  lifetime  (adult):  75 

e  Water  Guideline 


No  Information  available. 


iTulIrilif 


Human  Health  (355) 

-  Based  on  ingestion  of  contaminated  water  and  aquatic  organisms,  400 
fig/L  dichlorobenzenes  (all  isomers). 

•  Based  on  ingestion  of  contaminated  aquatic  organisms  only,  2.6  mg/L 
dichlorobenzenes  (all  isomen).  Adjust^  for  drinking  water  only,  470 
Mg/I- 


IADICHLOROBENZENE 


ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS  AND  CRITERIA 

(ConL) 


Aquatic  Life  (355) 

-  Freshwater  species 
acute  tosicity; 

DO  criterion,  but  lowest  effect  level  occurs  at  1120  /ig/L  dichlorobenzenes. 


chronic  toxicity; 

no  criterion,  but  lowest  effect  level  occurs  at  763  /ig/L  dichlorobenzenes. 

Saltwater  species 
acute  toxicity: 

no  criterion,  but  lowest  effect  level  occurs  at  1970  /xg/L  dichlorobenzenes, 
chronic  toxicity: 

no  criterion  established  due  to  insufficient  data. 

EFERENCE  DOSES:  (3742)  , 


l.OOOE+02  /xg/kg/day 


REGULATORY  STATUS  (as  of  Ol-MAR-SP) 


Promulgated  Regulations 
•  Federal  Programs 
Qean  Water  Act  (CWA) 

Dichlorobenzene  is  designated  a  hazardous  substance  under  CWA.  It  has  a 
reportable  quantity  (RQ)  limit  of  45.4  kg  (347,  3764).  It  is  also  listed  as  a 
toxic  pollutant,  subject  to  general  prdtreatment  regulations  for  new  and 
existing  sources,  and  effluent  standards  and  guidelines  (351,  3763).  Effluent 
limitations  specific  to  this  chemical  have  been  set  in  the  following  point  source 
categories:  electroplating  (3767),  organic  chemicals,  plastics,  and  synthetic 
fibers  (3777),  steam  electric  power  generating  (3802),  and  metal  finishing 
(3768).  Limitations  vary  depending  on  the  type  of  industry  and  plant. 

Safe  Drinking  Water  Act  (SDWA) 

Dichlorobenzcne  is  on  ‘he  list  of  ^  contaminants  required  to  be  regulated 
under  the  SDWA  of  1974  as  amended  in  1986  by  January,  1991  (3781).  The 
Maximum  Contaminant  Level  (MCL)  and  Maximum  Contaminant  Level  Goal 
(MCLG)  for  1,4-dichlorobenzene  in  drinking  water  ha-s  been  set  at  0.075  mg[L 
(3773,  3772).  In  states  with  an  approved  Underground  Injectior.  Control 
program,  a  permit  is  required  for  the  injection  of  1,4-dichlorobenzene 
containing  wastes  designated  as  hazardous  under  RCRA  (295). 
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Resource  Conservation  and  Recovery  Act  (RCRA) 

1.4- Dichlorobenzene  is  identified  as  a  toxic  hazardous  waste  (U072) 
and  listed  as  a  hazardous  waste  constituent  (3783,  3784).  A 
Dcn-specific  source  of  1,4-dichlorobenzene-containing  waste  is  the 
production  of  chlorinated  aliphatic  hydrocarbons  (325).  Waste  streams 
from  the  organic  chemicals  ind>istry  (production  of  cUorobenzene, 
1,2-dichloroethane,  and  trichloroethylene/  perchloroethylene)  contain 

1.4- dichiorobenzene  and  are  listed  as  specific  sources  of  hazardous 
wastes  (3774,  3765).  1,4-Dichlorobenzene  is  subject  to  land  disposal 
restrictions  when  its  concentration  as  a  hazardous  constituent  exceeds 
designated  levels  (3785).  Effective  July  8,  1987,  the  land  disposal  of 
untreated  hazardous  wastes  which  contain  halogenated  organic 
compounds  in  total  concentrations  greater  than  or  equal  to  1000  mg/kg 
is  prohibited.  Effective  August  8,  1988,  the  underground  injection  into 
deep  wells  of  these  wastes  is  prohibited.  Certain  variances  exist  until 
May,  1990  for  some  wastewaters  and  nonwastewaters  for  which  Best 
Demonstrated  Available  Technology  (BDAT)  treatment  standards  have 
not  been  promulgated  by  EPA  (3786).  1,4-Dichlorobenzenc  is  on 
EPA’s  ground-water  monitoring  list.  EPA  requires  that  all  hazardous 
waste  treatment,  storage,  and  disposal  facilities  monitor  their  ground- 
water  for  chemicals  on  this  list  when  suspected  contamination  is  first 
detected  and  annually  thereafter  (3775). 


Toxic  Substances  Control  Act  (TSCA) 

Manufacturers,  processors  or  distributors  of  1,4-dichlorobenzene  must 
report  production,  usage  and  disposal  information  to  EPA  They,  as 
well  as  others  who  possess  health  and  safety  studies  on 

1.4- dichlorobenzene,  must  submit  them  to  EPA  (334,  3789).  EPA 
requires  that  manufacturers  and  processors  of  1,4-dichlorobenzene 
conduct  reproductive  and  fertility  effects  testing.  Previous  proposals  for 
teratogenicity  and  subchronic  toxicity  testing  have  been  withdrawn 
(340).  Under  TSCA  Section  4,  EPA  requires  that  manufacturers  and 
processors  of  1,4-dichlorobenzene  perform  human  health  effects  studies 
and  chemical  fate  testing  in  support  of  the  RCRA  program  (3792). 
EPA  requires  that  manufacturers  and  importers  of  chemical  substances 
made  from  1,4-dichlorobenzene  submit  production,  use,  exposure  and 
disposal  date  in  order  to  determine  whether  there  is  further  need  for 
dioxin  and  furan  testing  of  the  chemical  products  for  which 

1.4- dichlorobenzene  is  a  precursor  (3780). 
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Act  (CERCLA) 

l,4-Dichk)robeazeDe  b  designated  a  hazardous  substance  under 
CERCLA.  It  has  a  reportable  quantity  (RQ)  limit  of  45.4  kg. 
Reportable  quantities  have  also  been  issued  for  RCRA  hazardous 
waste  streams  containing  1,4-dichlorobenzene  but  these  depend  upo'^ 
the  concentration  of  the  chemicals  b  the  waste  stream  (3766). 

SARA  Title  m  Section  313,  manufacturers,  processors,  unpor'x  'i,  and 
users  of  l,4-<lichlorobenzene  must  report  annually  to  EPA  and  state 
officials  their  releases  of  this  chemied  to  the  environment  (3787). 

Marine  Protection  Research  and  Sanctuaries  Act  (MPRSA) 

Ocean  dumping  of  organohaiogen  compounds  as  v,^el]  as  the  dumping 
of  Imown  or  suspected  carcinogens,  mutagens  or  teratogens  is 
prohibited  except  when  they  are  present  as  trace  contaminants.  Permit 
applicants  are  exempt  from  these  regulations  if  they  can  demonstrate 
that  such  chemical  constituents  are  non-toxic  and  non-bioaccumulative 
in  the  marine  environment  or  are  rapidly  rendered  harmless  by 
physical,  chemical  or  biological  processes  in  the  sea  (309). 

Occupational  Safety  and  Health  Act  (OSHA) 

Employee  exposure  to  1,4-dicnlorobenzene  in  any  8-hour  work-shift  of 
a  40-hour  work-week  shall  not  exceed  an  8-hour  time-weighted  average 
(TWA)  of  75  ppm.  An  employee’s  15-minute  short-term  exposure 
limit  (STEL)  of  110  ppm  shall  not  be  exceeded  at  any  time  during  the 
work  day  (3539). 

Qean  Air  Act  (CAA) 

After  consideration  of  the  data  regarding  serious  health  effects  from 
ambient  air  exposure  to  chlorinated  benzenes,  EPA  has  decided  not  to 
regulate  them  as  hazardous  air  pollutants  (3685). 

Hazardous  Materials  Transportation  Act  (HMTA) 

TTie  Department  of  Transportation  has  designated  l,4-dichloroben2ene 
as  a  hazardous  material  with  a  reportable  quantity  of  45.4  kg,  subject 
to  requirements  for  packaging,  labeling  and  transportation  (3180). 
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•  State  Water  Programs 
ALL  STATES 

All  states  have  adopted  EPA  Ambient  Water  Quality  Criteria  and 
NPDWRs  (see  Water  Exposure  Limits  section)  as  their  promulgated 
state  regulations,  either  by  narrative  reference  or  by  relisting  the 
speciSc  numeric  criteria.  These  states  have  promulgated  additional  or 
more  stringent  criteria: 

ALABAMA 

Alabama  requires  that  the  annual  average  maximum  contaminant  level 
not  exceed  0.075  mg/L  for  1,4-dichlorobenzene  in  drinking  water.  This 
applies  to  all  community  water  systems  and  non-community 
non-transient  water  systems  (3015). 

CALIFORNIA 

California  has  a  quantification  limit  of  0.5  fig/L  for  drinking  water 
(3098). 

CONNECTICUT 

Connecticut  has  a  quantification  limit  of  2  fig/L  for  drinking  water 
(3137). 

NEW  YORK 

New  York  has  an  MCL  of  5  fig/L  for  total  dichlorobenzenes  in 
drinking  water  (3501).  New  York  has  also  set  ambient  water  quality 
standards  for  total  dichlorobenzenes  in  surface  waters:  20  fig/L  for 
drinking  water  supply  waters,  5  fig/L  for  Class  A,  A-S,  AA,  AA-S,  B 
and  C  waters,  and  50  fig/L  for  fresh  surface  waters  Class  D  (3500). 

RHODE  ISLAND 

Rhode  Island  has  an  acute  freshwater  quality  guideline  of  56  fig/L  and 
a  chronic  guideline  of  1.2  fig/L  for  the  protection  of  aquatic  life  in 
surface  waters.  These  guidelines  are  enforceable  under  Rhode  Island 
state  law  (35SW). 

VERMONT 

Vermont  has  a  preventive  action  limit  of  7.5  fig/L  and  an  enforcement 
standard  of  75  fig/L  for  ground-water  (3682). 

WISCONSIN 

Wisconsin  has  a  preventive  action  limit  of  150  ug/L  and  an 
enforcement  standard  of  750  fig/L  for  ground-water  (.3840). 
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•  Federal  Programs 

Safe  Drinking  Water  Act  (SDWA) 

EPA  will  propose  a  maximum  contaminant  level  (MGL)  and  maximum 
contaminant  level  goal  (MCLG)  of  0.6  mg/L  for  1,4-dichlorobenzene  in 
May,  1989,  with  final  action  scheduled  for  May,  1^  (3759). 

Resource  Conservation  and  Recovery  Act  (RCRA) 

EPA  has  proposed  that  solid  wastes  be  listed  as  hazardous  in  that  they 
exhibit  the  characteristic  definvxl  as  EP  toxicity  when  the  TCLP  extract 
concentration  is  equal  to  or  ^eater  than  10.8  mg/L  of 
1,4-dichlorobenzene.  Final  promulgation  of  this  Toxicity  Characteristic 
Rule  is  expected  in  June,  1989  (1565). 

•  State  Water  Programs 

MQ?T.STATK 

Most  states  are  in  the  process  of  revising  their  water  programs  and 
proposing  changes  to  their  regulations  which  will  EPA’s  changes  when 
they  become  final.  Contact  with  state  officers  is  advised.  Changes  are 
projected  for  1989-90  (3683). 

IOWA 

Iowa  has  proposed  an  acute  criterion  of  7.5  fig/L  for  Qass  C  surface 
waters  (raw  source  of  drinking  water)  (3326). 


Minnesota  has  proposed  a  Sensitive  Acute  Limit  (SAL)  of  448  fig/L 
for  surface  water,  and  chronic  criteria  of  75  fig/L  for  ground-water  and 
10  fig/L  for  surface  water  for  the  protection  of  human  health  (3452). 


^C  Directives 

Directive  on  Ground-Water  (538) 

Direct  discharge  into  ground-water  (i.e.,  without  percolation  through 
the  ground  or  subsoil)  of  organohalogen  compounds  and  substances 
which  may  form  such  compounds  in  the  aquatic  environment, 
substances  which  possess  carcinogenic,  mutagenic  or  teratogenic 
properties  in  or  via  the  aquatic  environment,  and  mineral  oils  and 
hydrocarbons  is  prohibited.  Appropriate  measures  deemed  necessary  to 
prevent  indirect  discharge  into  ground-water  (i.e.,  via  percolation 
through  ground  or  subsoil)  of  these  substances  shall  be  taken  by 
member  countries. 


i 
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Directive  on  the  Quality  Required  of  Shellfish  Waters  (537) 

The  mandatory  specifications  for  organohaiogenated  substances  and  metals 
specify  that  the  concentration  of  each  substance  in  the  shellfish  water  or  in 
shellfish  Qesh  must  not  reach  or  exceed  a  level  which  has  harmful  effects  on 
the  shellfish  and  larvae.  The  specifications  for  organohaiogenated  substances 
state  that  the  concentration  of  each  substance  in  shellfish  flesh  must  be  so 
limited  that  it  contributes  to  the  high  quality  of  the  shellfish  product. 

Directive  on  the  Discharge  of  Dangerous  Substances  (535) 

Organohalogens,  carcinogens  or  substances  which  have  a  deleterious  effect  on 
the  taste  and/or  odor  of  human  food  derived  from  aquatic  environments 
cannot  be  discharged  into  inland  surface  waters,  territorial  waters  or  internal 
coastal  waters  without  prior  authorization  from  member  countries  which  issue 
emission  standards.  A  system  of  zero-emission  applies  to  discharge  of  these 
substances  into  ground-water. 

Directive  on  Toxic  and  Dangerous  Wastes  (542) 

Any  itistallation,  establishment,  or  undertaidng  which  produces,  holds  and/or 
disposes  of  certain  toxic  and  dangerous  wastes  including  phenols  and  phenol 
compounds;  organic-halogen  compounds,  excluding  inert  polymeric  materials 
and  other  substances  referred  to  in  this  list  or  covered  by  other  Directives 
concerning  the  disposal  of  toxic  and  dangerous  waste;  chlorinated  solvents; 
organic  solvents;  biocides  and  phyto-pharmaceutical  substances;  ethers  and 
aromatic  polycyclic  compounds  (with  carcinogenic  efl'ects)  shall  keep  a  record 
of  the  quantity,  nature,  physical  and  chemical  characteristics  and  origin  of  such 
waste,  and  of  the  methods  and  sites  used  for  disposing  of  such  waste. 

Directive  on  the  Qassification.  Packaging  and  Labeling  of  Dangerous 
Substances  (787) 

1.4- Dichlorobenzene  is  classified  as  a  harmful  substance  and  is  subject  to 
packaging  and  labeling  regulations. 

EEC  Directives  -  Proposed 

Resolution  on  a  Revised  List  of  Second-Category  Pollutants  (545) 

1.4- Dichlorobenzeoe  is  one  of  the  second-category  pollutants  to  be  studied  by 
the  Commission  in  the  programme  of  action  of  the  European  Communities  on 
Environment  in  order  to  r^uce  pollution  and  nuisances  in  the  air  and  water. 
Risk  to  human  health  and  the  environment,  limits  of  pollutant  levels  in  the 
environment,  and  determination  of  quality  standards  to  be  applied  will  be 
assessed. 
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27.1  MAJOR  USES 

Most  of  the  1,4'dichlorobenzene  produced  in  the  United  States  is  used  as  an  air 
deodorant  and  moth  repellant.  Air  deodorizing  accounts  for  55%  of  the  1,4-dichlorO' 
benzene  market.  These  products  are  usually  sold  as  blocks  or  cakes,  with  or  without 
perfumes.  Approximately  35%  of  1,4-dichlorobenzcne  is  used  as  moth  repellant  tor 
textiles.  Mothballs  which  are  available  to  consumers  contain  upwards  of  99% 
1,4-dichlorobenzeoe.  The  remaining  10%  is  used  in  agricultural  chemicals,  abrasives 
manufacture,  floor  waxes  and  dye  and  chemical  synthesis  (265). 


27.2  ENVIRONMENTAL  FATE  AND  EXPOSURE  PATHWAYS 

27.2.1  Transport  in  Son/Ground-water  Systems 

27.2.1.1  Overview 

The  1,4-isomcr  of  dichlorobenzene  may  move  through  the  soil/ground-water 
system  when  present  at  low  concentrations  (dissolved  in  water  and  sorbed  on  soil)  or 
as  a  separate  organic  phase  (resulting  from  a  spill  of  significant  quantities  of  the 
chemical).  In  general,  transport  pathways  can  be  assessed  by  using  an  equilibrium 
partitioning  model,  as  shown  in  Table  27-1. 

These  calculations  predict  the  partitioning  of  low  soil  concentrations  of  1,4-di¬ 
chlorobenzene  among  soil  particles,  soil  water  and  soil  air.  Portions  of  1, 4-dichloro¬ 
benzene  associated  with  the  water  and  air  phases  of  the  soil  have  higher  mobility 
than  the  adsorbed  portion. 

Estimates  for  the  unsaturated  topsoil  model  indicate  that  99.5%  of  the  1,4-di¬ 
chlorobenzene  is  expected  to  be  sorbed  onto  soil  particles.  Approximately  9.4%  is 
expected  to  partition  to  the  soil-water  phase,  and  is  thus  available  to  migrate  by  bulk 
transport  (e.g.,  the  downward  movement  of  infiltrating  water),  dispersion  and  dif¬ 
fusion.  For  the  small  portion  of  1,4-dichiorobenzene  in  the  gaseous  phase  nC  the  soil 
(less  than  0.1%),  diffusion  through  the  soil-air  pores  up  to  the  ground  surface,  and 
subsequent  removal  by  wind,  may  be  a  significant  loss  pathway. 

In  saturated,  deep  soils  (containing  no  soil  air  and  negligible  soil  organic  carbo.n), 
a  much  higher  fraction  of  the  1,4-dichlorobenzene  (27.S%)  is  predicted  to  be  pre-sent 
in  the  soil-water  phase  (Table  27-1)  and  available  for  transport  with  flowing  ground- 
water.  Sorption  onto  deep  soils  (83%)  is  less  than  onto  surface  soils,  but  may  have 
some  effect  on  mobility.  Overall,  ground-water  underlying  1,4-dichlorobenzene- 
contaminated  soils  with  low  organic  content  is  expected  to  be  vulnerable  to  con¬ 
tamination. 
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TABLE  27-1 

EQUILIBRIUM  PARTmONING  CALCULATIONS  FOR 
1,4-DICHLOROBENZENE  IN  MODEL  ENVIRONMENTS* 


Soil  Estimated  Percent  of  Total  Mass  of  Chemical  in  Each  Compartment 

Environment  Soil  Soil-Water  Soil-Air 


Unsaturated 

topsoil^ 
at  25*C 

99.5 

0.4 

0.1 

Saturated 

deep  soil^ 

83.2 

16.8 

- 

a)  Calculations  based  on  Mackav’s  equilibrium  partitioning  model  (34,35,36);  see 
Introduction  for  description  of  model  and  environmental  conditions  chosen  to 
represent  an  unsaturatcd  topsoil  and  saturated  deep  soil.  Calculated  percentages 
should  be  considered  as  rough  estimates  and  used  only  for  general  guidance. 

b)  Utilized  soil  sorption  coefficient  estimated  with  equations  of  Means  et  al.  (611): 

K„  use. 

c)  Henry’s  law  constant  taken  as  1.58E-03  atm  mVmol  at  25°C  (74). 

d)  Used  sorption  coefficient  (K,)  calculated  as  a  function  of 
assuming  0.1%  organic  carbon:  K,  =  0.001  x 


212.12  Sorption  on  Soib 

The  mobility  of  1,4-dichlorobenzene  in  the  soil/ground-water  system  (and  its 
eventual  migration  into  aquifers)  is  strongly  affected  by  the  extent  of  its  .sorption  on 
soil  particles.  In  general,  sorption  on  soils  is  expected  to: 

-  increase  with  increasing  soil  organic  matter  content; 

-  increase  slightly  with  decreasing  temperature; 

-  increase  moderately  Aith  increasing  salinity  of  the  soil  water;  and 

-  decrease  moderately  with  increasing  dissolved  organic  matter  content  of  the 
soil  water. 

Wilson  et  al.  (82)  investigated  the  transport  and  fate  of  1,4-dichlorobenzcne  in 
0.8  mg/L  and  0.13  m^  solutions  applied  to  sandy  soils.  The  l,4-dichloroben2ene 
was  found  to  be  relatively  mobile.  In  a  soil  column  receiving  0.8  mg/L  of  1,4-di- 
chlorobenzene,  approximately  37%  percolated  through  the  soil  column  svith  minimal 
retardation  and  63%  was  degraded  or  not  accounted  for;  for  the  0.13  mg/L  solution. 
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49%  percolated  through  the  soil  column  and  51%  was  degraded  or  not  accounted  for. 
The  lou  due  to  volatilization  was  not  determined. 

Laboratory  sorption  studies  (606)  indicate  that  sorption  of  1,4-dichIorobenzene 
(20  Hi/L)  by  s^iments  and  aquifer  material  is  t  reversible  process.  Retardation 
factors,  which  represent  the  incentitial  water  s-elocity/pollutant  velocity  in  the  soil, 
were  reported  by  Wilson  et  al.  (82)  to  Ik'  j  function  of  the  ratio  of  soil  density 
(a)  to  soil  water  content  (b),  and  the  organic  content  (oc)  of  the  soil  according  to 
the  following  equation: 

R«  «  1  +  (aA>)K«(oc) 

The  retardation  factors  calculated  for  l,4-«'  .hlorobenzene  have  been  summarized 
in  Table  27-2  The  data  indicate  some  retardation  (i.e.,  adsorption)  in  soils  having 
1-2%  organic  carbon  and  little  or  no  retardation  in  deep  soils  having  less  than  0.1% 
organic  carbon. 

27.21  J  VolatOizatioa  from  Soils 

Transport  of  1,4-dichlorobcnzenc  vapors  through  the  air-filled  pores  of  un¬ 
saturated  soils  may  occur  in  near-surface  soils.  However,  modeling  results  suggest 
that  a  relatively  small  fraction  of  the  1.4-dichlorobenzene  loading  will  be  present  in 
the  soil-air  phase.  In  general,  important  soil  and  environmental  properties  influencing 
the  rate  of  volatilization  include  soil  porosity,  temperature,  convection  currents  and 
barometric  pressure  changes;  important  physicochemical  properties  include  the 
Henry's  law  constant,  the  vapor-soil  sorption  coefHcicnt,  and,  to  a  lesser  extent,  the 
vapor  phase  diffusion  coefficient  (?,1). 

The  Henry's  law  constant  (H),  which  provides  an  indication  of  a  chemical’s 
tendency  to  volatilize  from  solution,  is  expected  to  incrca.se  significantly  with  incrca.s- 
ing  temperature.  Moderate  increases  in  H  have  also  been  observed  with  increasing 
salinity  and  the  presence  of  other  organic  compounds  (18).  These  results  suggest  that 
the  presence  of  other  materials  may  significantly  affect  the  volatilization  of  1,4- 
dichlorobenzene  particularly  from  surface  soils. 

No  information  was  available  for  the  two  other  physicochemical  properties 
influencing  1,4-dichlorobcnzcnc  volatilization,  i.e.,  the  vapor-soil  sorp'.iun  coefficient 
and  the  vapor  phase  diffusion  coelficient. 

The  1,4-isomcr  of  dichlorobenzenc  has  been  reported  to  volatilize  from  aqueous 
solutions  at  a  relatively  rapid  rate;  the  volatilization  half-life  from  a  water  column  1 
meter  thick  ha.s  been  calculated  to  be  11  hours  (10).  Garrison  and  Hill  (fAA.) 
reported  almost  complete  volatilization  (1  mg/L)  of  a  300  mgl.  concentration  of 
1 ,4-dichlorobcnzene  in  less  than  four  hours  from  aerated  distilled  water,  and  in  less 
than  three  days  from  unaerated  distilled  water.  Wakeham  et  ai.  (527)  examined  the 
fate  and  penistence  of  1,4-dichlorobcnzcne  in  coastal  seawater.  Half-lives  calculated 
for  1.4-dich!orobcnzene  in  the  marine  water  column  were  18  days  in  the  spring,  10 
days  in  summer,  and  13  days  in  -winter.  Volatilizaricn  was  identified  as  the  major 
removal  process.  Another  field  study  of  l,4-dichIorob<-nzene  iran.sport  i.n  Lake 
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TABLE  27-2 

.RETARDATION  FACTORS  FOR  1.4-DICHLOROBENZENE  IN  RIVER 
SEDIML>rrS  AND  AQUIFER  MATERIALS 


Retardation  Factor 

18  -  70* 

17  -  35* 

1  -  ir 

4.0* 

‘Reference  77 
‘Reference  82 


Matrix 


River  Sediment 
(1-2%  organic  carbon) 

Aquifer  Gose  to  River  Bed 
(0.1-1%  organic  carbon) 

Aquifer  Far  from  River  Bed 
(less  than  0.1%  organic 
carbon) 

Sandy  Soil 


Zurich  (607)  indicated  a  half-life  of  approximately  100  days.  Of  the  90  kg^  entering 
the  iake,  67%  was  removed  by  volatilization.  2%  was  removed  to  the  sediment  and 
31%  was  present  in  the  lake’s  outflow  of  1,4-dichlorobenzene,  particularly  from 
surface  soils. 

Actual  volatilization  rates  will  depend  on  factors  such  as  depth,  turbulence  and 
other  environmental  conditions.  Compared  to  volatilization  from  well-stirred  aqueous 

solutions,  volatilization  of  some  chlorinated  organics  from  surface  soils  was  inhibited 
by  approximately  one  order  of  magnitude  (82). 

In  the  atmosphere,  1,4-dichlorobcnzene  should  exist  mainly  in  the  vapor  pha.se 
and  is  expected  to  react  with  photochemically  generated  hydroxyl  radicals  (3949). 
Using  a  rate  constant  of  0.32E-12  cu.cm/molccule-sec  at  2^C  and  an  ambient 
hydroxyl  radical  concentration  of  8.0E-^5  molccules/cu.cm.,  the  half-life  for  1,4- 
dichlorobciizene  in  air  of  31  days  was  estimated  (3894).  The  detection  of  dichlor¬ 
obenzene  isomers  in  rain  water  (3930)  suggests  that  atmospheric  removal  through 
washout  is  also  possible  (3949). 
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T122  Tnuttfonnatioo  Prooeoet  in  ScMyGiDuso^rater  Systems 

The  persistence  of  l,4-dichloroten2eoe  in  soil/ground-water  systems  is  not  well 
documented.  In  most  cases,  it  should  be  assumed  that  1,4-dichlorobenzene  will 
penist  for  months  to  yean  (or  more).  The  1,4-dichlorobenzene  that  has  been 
released  from  the  soil  into  the  air  will  eventually  undergo  photochemical  oxidation;  a 
half-life  in  air  of  three  days  (609)  and  an  atmospheric  residence  time  of  3&6  days 
(601)  have  been  reported  for  1,4-dichiorobenzene. 

No  information  on  the  hydrolysis  of  1,4-dichiorobenzene  was  available;  under 
normal  environmental  conditions,  hydrolysis  is  not  expected  to  occur  at  a  rate 
competitive  with  volatilization  or  biodegradation. 

The  1,4-isomer  of  dichlorobenzcne  is  not  expected  to  be  rapidly  biodegraded  in 
the  environment.  The  more  halogenated  a  compound  is,  the  more  resistant  it 
becomes  to  biodegradation,  implying  that  1,4-dichlorobenzcne  is  more  persistent  than 
chlorobenzene  which  is  significantly  degraded  only  by  acclimated  microbial  popula¬ 
tions.  Furthermore,  the  presence  of  a  chlorine  atom  on  the  benzene  ring  has  been 
reported  to  retard  the  rate  of  biodegradation  (10).  Thom  and  Agg  (80)  have  listed 
1,4-dichlorobenzene  as  a  synthetic  organic  chemical  which  is  unlikely  to  be  removed 
during  biological  sewage  treatment. 

Dichlorobcnzenes  were  only  slowly  degraded  by  soil  microbes  in  culture  (610) 
and  no  degradation  of  1,4-dichlorobenzene  injected  into  ground-water  was  observed 
(597).  Schwartzcnbach  et  al.  (77)  report  that  1,4-dichlorobenzcnc  was  biodegraded 
during  infiltration  of  contamin.ited  river  water  to  ground-water.  However,  they  also 
indicate  that  anaerobic  conditions  in  the  aquifer  hindered  the  process.  Walceham  et 
al.  (527)  report  that  biodegradation  is  not  an  important  fate  process  for  1.4-dichloro¬ 
benzene  in  sea'vater. 

In  most  soil/ground-water  systems,  the  concentration  of  microorganisms  capable 
of  biodegrading  chemicals  such  as  1.4-dichlorobenzene  is  expected  to  be  low  and  to 
drop  off  sharply  s'^ith  increasing  depth.  Thus,  biodegradation  in  the  deep 
soil/ground-water  system  should  be  assumed  to  be  of  minimal  importance  except, 
perhaps,  near  landfills  with  active  microbiological  populations. 

27JL3  Primary  Routes  of  Exposure  From  Sou/Ground-watcr  Systems 

The  physicochemical  properties  of  ^4-dich!orobenzcne  and  the  above  discassicn 
of  fate  pathways  suggest  that  1.4-d^hiorobenznne  is  highly  volatile  from  aqueous  solu 
tions,  moderately  to  strongly  adsoibed  by  soil  and  has  a  moderate  potential  for 
bioaccumulation.  This  compc/und  may  volatilize  from  soil  surfaces.  Over  time,  the 
portion  not  subject  to  vo!  .iilization  may  eventually  migrate  to  ground-water.  These 
fate  characteristics  suggest  several  potential  pat.hways. 
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Volatilization  of  1,4-dichIorobenzene  from  a  disposal  site,  particularly  during 
drilling  or  restoration  activities,  could  result  in  inhalation  exposures.  In  addition, 
there  is  a  potential  for  ground-water  contamination,  particularly  in  sandy  soil. 
However,  Mitre  (83)  did  not  God  1,4-dichlorobenzene  in  ground-water,!  surface  water 
or  air  at  any  of  the  546  National  Priority  List  (NPL)  sites. 


This  compound  was  reported  in  the  Ground-water  Supply  Survey 
conducted  by  the  USEPA  (531).  This  survey  examined  945  Wished  w^ 
that  use  ground-water  sources.  The  results  for  1,4-dichIorobenzene  arq 
below: 


Sample  Type 


Occurrences* 
No.  % 


Median  of 
Positives 


^GWSS) 
ter  supplies 
summarized 


Maximum 

(Mg/L) 


P  ndom 


Non-Random 


<  10,000  people 
(280  samples) 

2 

0.7 

0.60 

0.63 

>  10,000  people 
(186  samples) 

3 

1.6 

0.66 

1.3 

<  10,000  people 
(321  samples) 

4 

1.2 

0.74 

0.9 

>  10,000  people 
(158  samples) 

0 

0 

• 

• 

'Samples  having  levels  over  quantification  limit  of  0.5  ngfL. 


The  random  samples  taken  as  part  of  the  GWSS  arc  intended  to  sbtistically 
represent  the  U.S.  ground-water  drinking  water  supplies.  The  non-rant^om  supplies 
were  chosen  by  the  states  as  being  potentially  contaminated.  1,4-DichIOrobcnzerie 
has  also  been  detected  in  the  National  Organic  Monitoring  Survey  (NOMS)  (90).  In 
this  survey,  1,4-dichlorobenzene  was  detected  in  20  out  of  113  samples  Iwith  a  mean 
concentration  of  the  positives  of  0.14  Coniglio  ct  al.  (223)  in  a  jummary  of 

data  from  SRI,  NOMS  and  NORS,  found  that  1,4-dichIorobenzene  wasj  found  at  a 
frequency  of  12.9%  in  finished  ground-water. 

The  properties  of  1,4-dichlorobcnzene  and  the  survey  results  desenbed  above 
suggest  that  this  compound  has  some  potential  for  movement  in  soil/grdund-water 
systetiis.  The  movement  of  1,4-dichlorobenzene  in  ground-water  may  eVentually 
contaminate  surface  waters,  suggesting  several  other  exposure  pathways; 

•  Surface  waters  may  be  ased  as  drinking  water  supplies,  resulting  in  direct 
ingestion  exposures; 
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•  Aquatic  organisms  residing  in  these  waters  may  be  consumed,  also  resulting  in 
ingestion  exposures  through  bioaccumulation; 

•  Recreational  use  of  these  waters  may  result  in  dermal  exposures; 

•  Domestic  animals  may  consume  or  be  dermaJiy  exposed  to  contaminated 
ground-  or  surface  waters;  the  consumption  of  meats  and  poultry  could  then 
result  in  ingestion  exposures. 

In  general,  exposures  associated  with  surface  water  contamination  can  be 
expected  to  be  lower  than  exposures  from  drinking  contaminated  ground-water  for 
two  reasons.  First,  the  Henry's  law  constant  for  1,4-dichlorobenzene  suggests  that  it 
will  volatilize  upon  reaching  surface  waters.  Secondly,  because  1,4-dichlorobenzene  is 
moderately  to  strongly  adsorbed,  the  concentration  reaching  surface  waters  will  be 
attenuated  through  adsorption  to  sediments.  Thus,  the  availability  of  1,4-dichloro¬ 
benzene  may  be  limited.  It  does,  however,  have  a  moderate  potential  for  bio¬ 
accumulation. 

27  J.4  Other  Sources  of  Exposure 

The  data  reported  in  the  previous  section  show  that  1,4-dichlorobenzene  has 
been  reported  in  ground-water  supplies.  In  addition,  Coniglio  et  al.  (223)  in  a 
summary  of  data  from  SRI,  NGMS  and  NORS,  noted  that  l,4-dichIor6benzene  was 
found  at  a  frequency  of  12.5%  in  finished  surface  water.  This  suggests  that  exposure 
through  ingestion  of  such  drinking-water  supplies  tsould  be  important. 

The  volatility  of  1,4-dichlorobenzene  suggests  that  it  may  be  found  in  air  as  well. 
Brodzinsky  and  Singh  (84)  compiled  ali  available  atmospheric  dan  for  a  number  of 
volatile  organics.  For  l,4^ichlorobenzenc,  they  had  data  for  430  locations.  This 
compound  was  not  found  in  rural  and  remote  locations.  In  urban  and  suburban 
areas,  the  median  concentration  was  0.28  ngjw?.  In  source-dominated  locations,  the 
median  concentration  was  zero  There  was  no  explanation  for  the  lower  value 

found  in  source-dominated  areas.  These  results  suggest  the  possibility  of  inhalation 
exposure  to  persons,  particularly  those  in  urban  and  suburban  areas. 

This  compound  has  been  widely  used  for  a  number  of  years  as  a  moth  repellant. 
Inhalation,  and  perhaps  dermal  exp)osures,  are  possible  to  consumers  during  use  One 
report  cited  1,4-dichlorobenzene  concentrations  of  1700  Mg/m’  in  a  wardio!-.c  where 
mothballs  were  used,  315  Mg/ni’  within  the  closet  and  105  Mg/m’  in  the  bedroom 
adjacent  to  the  wardrobe  (733).  Although  data  are  limited,  the  use  of  1,4-dichlcro- 
benzene  as  a  moth  repellant  could  be  a  significant  source  of  exposure. 
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273  HUMAN  HEALTH  CONSIDERATIONS 

273.1  Animal  Studies 

273.1.1  Cardoogeiudty 

An  NT?  carcinogenicity  bioassay  of  l,4-dich]oroben2ene  was  conducted,  in  which 
male  F344/N  rats  were  given  0,  ISO,  or  300  mg/kg  of  the  chemical  and  female  rats 
and  B6C3F,  mice  were  given  0,  300,  or  600  mg/kg/day  by  gavage  5  days/week  for  2 
years  (3523).  1,4-Dichlorobenzene  produced  an  increas^  incidence  in  tubular  cell 
adenocarciuomas  of  the  kidney  in  male  rats  (control,  2%;  low  dose,  6%;  high  dose, 
14%,  psO.030  by  Fisher  exact  test)  and  a  marginal  increase  in  the  incidence  of 
mononuclear  cell  leukemia  in  males  over  that  of  the  controls  (10%;  14%;  22%, 
p =0.086).  Treated  mice  exhibited  increased  incidences  of  hepatocellular  carcinomas 
(males:  28%;  22%;  64%,  p<0.001)  (females:  10%;  10%;  38%,  p<0.001);  hepatocel¬ 
lular  adenomas  (males:  10%;  27%,  p=0.030;  32%,  p=0.006)  (females:  20%;  13%; 
42%,  p=0.015),  and  pheochromocytomas  of  the  adrenal  gland  (males  only:  0%;  4%; 
6%,  p=0.129).  The  investigators  concluded  that  under  the  conditions  of  the  study 

1,4-dichlorobenzene  produced  clear  evidence  of  carcinogenicity  for  male  rats,  and 
male  and  female  mice,  and  no  evidence  of  carcinogenicity  for  female  rats. 

Long-term  inhalation  studies  in  rats  and  mice  gave  no  indication  of  a  car¬ 
cinogenic  response.  Wistar  rats  (both  sexes)  were  exposed  to  vapor  concentrations  of 
0,  75  or  500  ppm,  5  hours  per  day,  5  days  a  week  for  76  weeks  and  were  killed  at 
102  weeks.  No  signs  of  treatment-related  toxicity  were  observed  at  75  ppm;  liver  and 
kidney  weights  were  increased  at  500  ppm  but  no  indications  of  pathological  changes 
were  found  (257),  A  second  study  was  conducted  with  female  Swiss  mice.  These 
animals  received  the  same  doses  for  57  weeks  and  were  held  through  weeks  75-76. 
This  limited  mouse  study  was  also  negative  for  neoplastic  effects  (257). 

273.13  Geoctoxicity 

1,4-DichIorobenzene  did  not  induce  genotoxic  activity  in  the  Salmonella  Ames 
test  with  or  without  metabolic  activation  (202,  3646,  3276).  Negative  results  were 
also  obtained  in  a  dominant  lethal  assay  in  which  male  CD-I  mice  >vere  exposed  to 
vapor  levels  I'f  75,  225  or  450  ppm,  6  hours  per  day  for  5  days  (257);  no  increase  in 
the  number  of  observable  chromosome  abnormalities  in  bone-marrow  cells  could  be 
detected  in  rats  exposed  to  levels  as  high  as  682  ppm  (single  two  hour  exposure)  or 
as  high  as  500  pp.-n  (5  hours/day,  5  days  a  week  for  3  months)  (257);  and  there  was 
no  evidence  of  chromosomal  aberratioiis  or  sister  chromatid  exchanges  above  control 
values  when  Chinese  hamster  ovarj'  cells  were  treated  in  culture  with  this  isomer 
(3235).  Conversely,  micronuclei  were  induced  at  statistically  significant  levels  in  bone 
marrow  cells  of  male  mice  injected  intraperitoneally  with  1,4-dichIorobenzene  at  6  and 
30  hours  before  sacrifice  (34^). 
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There  was  no  evidence  of  teratogenicity  or  fetotoxidty  in  rats  exposed  to  vapor 
concentrations  up  to  500  ppm  six  hours  per  day  or  oral  doses  up  to  200  mg/kg/day 
administered  on  days  6  through  15  of  gestation  (257,  269). 

In  other  inhalation  studies,  Hayes  et  al.  (3278)  obseix-ed  no  teratogenic  or 
fetotoxic  effects  in  rabbits  exposed  to  1,4-dichlorobenzene  vapors.  Inseminated  rab¬ 
bits  were  exposed  to  100,  300,  or  800  ppm  of  1,4-dichlorobenzene  for  6  hours  per 
day  on  days  6  through  18  of  gestation.  Pregnant  rabbits  exposed  to  800  ppm  of  the 
chemical  gained  significantly  less  weight  than  the  controls  during  da^s  6  through  8  of 
gestation,  indicatirg  slight  maternal  toxicity.  A  statistically  identified  increase  in  fetal 
resorptions  was  observed  in  the  300  ppm  group  when  compared  to  current  controls. 
However,  the  increase  was  not  observed  in  the  800  ppm  group  and  was  within  the 
range  of  values  for  historical  controls.  It  was  concluded  that  inhalation  of  1,4- 
dichlorobenzene  vapor  was  not  eTr.*^ryotoxic  or  teratogenic  at  any  exposure  level 
tested. 

273.1.4  Other  Toxicologic  Effects 
273.1.4.1  Sbort-tenn  Tcnridty 

The  toxic  effects  of  1,4-dichlorobenzene  are  primarily  on  the  liver  and  central 
nervous  system.  Signs  of  hepatic  porphyria  were  noted  in  rats  after  daily  administra¬ 
tion  of  770  mg'kg  by  stomach  tube  for  5  days  (202).  In  another  study,  rats  suc¬ 
cumbed  to  an  oral  dose  of  4  g/kg  administered  as  a  20%  solution  in  olive  oil.  A 
dose  of  1  g/kg  was  survived  (254). 

The  1,4-isomcr  appears  to  be  less  toxic  than  the  1,2-isomer  of  dichlorobenzene. 
This  may  be  due  to  the  fact  that  its  binding  to  liver  proteins  is  not  as  pronounced 
(202),  In  vivo  studies  with  Fischer  rats,  in  which  the  hepatotoxic  effects  of  three 
dichlorobenzenes  were  compared,  indicated  that  the  isomers  tested  can  be  ranked  as 
follows;  1,2-dichlorobenzene  >  1,3-dichIorobenzene  >  1,4-dichlorobehzene  (1,4- 
dichlorobenzene  was  not  hepatotoxic  in  this  study)  (3940).  The  toxicity  rankings  were 
based  on  plasma  glutamic  pyruvate  transaminase  activities  24  hours  after  the  rats  were 
injected  i.p.  with  doses  of  the  isomers  ranging  from  0.9  to  4.5  mmol/kg;  the  n\nldngs 
were  supported  by  the  results  of  in  vitro  studies. 

273.1.43  Chronic  Toxicity 

The  NTP  conducted  13-week  oral  studies  with  1,4-dichIorobenzene  in  F344/N 
rate  and  B6C3F,  mice  (3523)  to  characterize  its  toxicity  and  set  doses  for  2-year 
stuvi’ies.  Two  studies  were  performed  in  rats.  In  the  first,  in  which  rats  were  given 
300-1500  rng/lcg/'day,  histologic  changes  were  noted  in  the  kidneys  at  all  doses  tested; 
therefore,  the  second  study  was  performed  with  lower  doses  of  38-600  mg/kg/day. 
Doses  of  1500  ppm  decreased  survival  (females).  Doses  of  1,200  or  more  produced 


27-20 


l,4-DIC3ILOROBENZENE 


decreased  weight  gain  (females),  degeneration  and  necrosis  of  bepatocytes,  hypoplasia 
of  the  bone  marrow,  lymphoid  depletion  of  the  spleen  and  thymus,  epithelial  necrosis 
of  the  nasal  turbinates,  and  increased  urinary  (but  not  liver)  porphyrins  (males  and 
females).  Doses  of  600  and  900  mg/kg  and  more  produced  changes  in  dinical 
chemistry  parameters  (males  and  females,  respectively).  Doses  of  300  mg/kg  or  more 
produced  decreased  weight  gain  (males),  renal  tubular  cell  degeneration  in  the  first 
study  (males;  the  effect  was  also  observed  in  the  second  study,  but  was  slight),  and 
slight  hematological  changes  (males). 

In  two  studies,  mice  were  given  doses  of  dichlorobenzene  ranging  either  from 
600  to  1,800  mg/kg/day  or  from  85  to  900  mg/kg,'day  for  13  weeks  (3523).  In  the  first 
study,  survival  was  decreased  in  male  and  female  mice  receiving  doses  of  1,500  mg/kg 
or  more  and  body  weights  were  decreased  at  all  doses.  Hepatocellular  degeneration 
was  observed  in  both  sexes  at  all  doses,  and  liver  weight  to  brain  weight  ratios  were 
increased  at  doses  of  900  mg/kg  or  more.  Modest  clinical  chemistry  changes  (900 
mg/kg)  and  significantly  reduced  white  blood  cell  coun>s  (600  mg/kg)  were  also  seen. 
In  the  second  study,  hepatocellular  cytomegaly  was  observed  in  male  and  female  mice 
at  doses  of  675  m^g  or  more,  but  not  at  338  mg/kg.  Neither  renal  damage  nor 
hepatic  porphyria  was  observed  in  either  mouse  study. 

Hepatic  cirrhosis,  focal  necrosis  and  increased  liver  and  kidney  weights  were 
noted  in  rats  given  a  daily  oral  dose  of  376  mg/kg,  5  daysAveek  for  7  months.  At  188 
mg/kg,  a  slight  increase  in  liver  and  kidney  weights  was  observed.  No  adverse  effects 
were  observed  at  18.8  mg/kg  or  13.42  mgAg/day  (18.8  x  5/7)  (254). 

In  the  two-year  NTP  study,  male  rats  were  given  150  and  300  mg/kg/day  and 
female  rats  and  male  and  female  mice  weie  given  300  and  600  mg/kg/day  (3523).  For 
the  rats,  survival  of  the  males  was  significantly  lower  than  that  of  vehicle  controls; 
survival  and  body  weights  were  not  significantly  affected  in  other  groups.  The  main 
nonneoplastic  effects  involved  the  kidneys  of  males  and  females.  Increased  incidences 
of  the  following  lesions  were  observed  in  males:  epithelial  hyperplasia  of  the  renal 
pelvis  (control,  2%;  high  dose  60%;  low  dose  62%);  .nineralization  of  the  collecting 
tubules  in  the  renal  medulla  (8%;  92%;  94%);  and  focal  hyperplasia  of  the  renal 
epithelium  (0%;  2%;  18%).  In  females,  the  incidences  of  nephropathy  were  also 
increased  (43%;  64%;  84%). 

In  male  mice,  1,4-dichlorobenzene  increased  the  incidences  of  thyroid  gland 
follicular  cell  hyperplasia  (control,  2%;  low  dose,  8%;  high  dose,  21%)  and  adrenal 
gland  meduilary  hyperplasia  (0%;  8%;  8%),  as  well  as  that  of  focal  hyperplasia  of  the 
adrenal  gland  capsule  (23%;  44%;  57%).  In  male  and  female  mice,  the  incidences  of 
nonneoplastic  liver  lesions  including  alterations  in  ceil  size,  hepatocellular  degenera¬ 
tion,  and  individual  cell  necrosis,  were  increased.  There  were  also  increased 
incidence.^  of  nephropathy  in  male  mice  and  renal  tubular  regeneration  in  female 
mice. 
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Hepatic  and  renal  effects  have  also  been  observed  in  Alderly  Park  Wistar  rats 
exposed  to  1,4-dichiorobenzene  via  inhalation.  The  animals  were  exposed  to  0,  75,  or 
500  ppm,  5  hours/day,  5  ,^aysAvcek  for  76  weeks  (3934).  At  500  ppm,  organ  weights, 
includmg  liver  and  Iddne^,  were  increased  and  there  were  slight  increases  in  urinary 
protein  and  coproporphyrin  output  in  the  males.  The  no-observed-adverse-effect 
level  was  identified  as  75  ppm. 

Rats,  rabbits  and  gumea  pigs  exposed  to  vapor  concentrations  of  798  ppm  (4788 
mg/in*)  according  to  a  schedule  of  7  houix^day,  5  days/week  showed  definite  toxic 
reactions.  The  actual  number  of  exposure  periods  ranged  from  a  few  to  as  many  as 
69.  Symptoms  included  yeakness,  weight  loss,  tremors,  eye  irritation  and  liver 
damage.  Rats,  mice,  guinea  pigs,  rabbits  and  monkeys  exposed  to  93  ppm  (558 
mg/m^  over  the  same  scl^edule  for  7  months  experienced  no  adverse  effects  (251, 
254). 


Rabbits  repeatedly  exposed  to  an  average  of  825  ppm  (4950  mg/m’)  8  hours/day 
developed  edema  of  the  <x)mea  and  optic  nerve  which  cleared  within  17  days  of 
discontinuance.  Oral  doses  of  0.5  to  1.0  g/kg/day  produced  the  same  reversible 
effects  (19). 

27J.2  Human  and  Epidemiologic  Studies 


27JJH  Sbort-tenn  Toxirologic  Effects 

In  five  cases  of  household  inhalation  intoxication  from  1,4-dichlorobenzene  used 
as  a  mothproofing  agent,  one  person  with  moderate  exposure  suffered  from  severe 
headache,  swelling  around  the  eyes  and  profuse  rhinitis,  all  of  which  subsided  within 
24  hours.  The  remaining  four  individuals,  all  of  whom  had  prolonged  exposure  to 
1,4-dichlorobenzene,  developed  nausea,  vomiting,  weight  loss  and  hepatic  necrosis 
with  jaundice.  Two  died  and  another  developed  cirrhosis  (258).  A  3-year-old  male 
des'eloped  jauitdice  and  hemolytic  anemia  after  acute  poisoning  by  ingestion;  the 
amount  was  not  indicated  (281).  Ingestion  of  20  g  has  been  reported  to  be  well 
tolerated  in  man  (284). 


The  vapor  has  been  noted  to  be  painful  and  irritating  to  the  eyes  and  nose  at 
concentrations  between  50  and  160  ppm.  Solid  particles  cause  pain  when  in  contact 

with  the  eye,  but  no  serious  injury  (19). 

i 

I 

The  solid  material  prMuces  a  burning  sensation  when  held  in  contact  with  the 
skin  but  the  resulting  irritation  is  slight  Warm  fumes  or  strong  solutions  may  irritate 
the  skin  on  prolonged  or  repeated  contact  (38).  The  1,4-isomer  of  dichlorobenzcne 
is  not  absorbed  through  intact  skin  in  acutely  hazardous  amounts  (12). 
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2132^1  Ouoaic  Toxicologic  Effects 

Two  cases  of  chronic  ingestion  of  1,4-dichIorobenzene  have  been  reported  In 
one  case,  a  woman  who  ingested  1  to  2  air  freshener  blocks  per  week  throughout  her 
pregnancy  developed  hemolytic  anemia.  She  recovered  completely  after  withdrawal  of 
the  chemical.  Examination  of  the  child  revealed  no  abnormalities  (282).  In  the  other 
case,  a  woman  who  ingested  4  to  5  moth  peUets  daily  for  2.5  years  devetoped  areas 
of  increased  sldn  pigmentation  which  diminished  upon  withdrawal  of  the  chemical 
(283). 

In  workmen  exposed  to  airborne  concentrations  of  45  ppm  (270  mg/m*)  over  an 
average  of  4-8,  years  there  was  no  evidence  of  organic  injury,  blood  disorders  or  eye 
changes  (254). 

A  woman  who  worked  for  !8  months  with  a  mixture  of  hexachloroethane  (10%) 
and  1,4-dichlorobenzene  (90%)  experienced  tingling  of  the  extremities,  tveight  loss, 
dizziness  and  anemia.  She  recovered  after  cessation  of  exposure  (276). 

Girard  and  coworkers  (259)  reported  five  cases  of  blood  disorders  in  individuals 
exposed  by  chronic  inhalation  and/or  dermal  contact  to  dichlorobenzenes,  including 
1,4-dichlorobenzene.  However,  no  cause  and  effect  relationship  can  be  reliably 
inferred  from  these  anecdotal  reports. 

2733  Levels  of  Concern 

The  U.S.  Environmental  Protection  Agency  (355)  has  established  an  ambient 
water  quality  criterion  of  400  Mg/L  for  the  protection  of  human  health  from  the  toxic 
properties  of  dichlorobenzenes  ingested  through  water  and  contaminated  aquatic 
organisms.  This  criterion  is  based  on  the  maximum  chronic  no-observcd-effect  level 
of  13.42  mg/kg/day  reported  for  rats  orally  administered  1,4-dichlorobenzene  over  a 
period  of  5  to  7  months  (254,  271).  Applying  an  uncertainty  factor  of  1000,  the 
acceptable  daily  intake  of  1,4-dichlorobenzene  for  a  70-kg  man  was  calculated  to  be 
0.94  mg/day.  A  reference  dose  (RfD)  of  0.1  mg/kg/day  for  1,4-dichlorobenzene  has 
been  calculated  by  the  USEPA  (3951). 

Both  OSHA  (3539)  and  the  ACGIH  (3005)  have  set  an  occupational  exposure 
limit  of  75  ppm  (450  mg/m’)  for  1,4-dichlorobenzene  with  a  short-term  exposure  limit 
(15  minutes)  value  of  110  ppm.  These  values  are  believed  to  be  sufficient  to  prevent 
acute  and  chronic  poisoning  (38). 

273.4  Hazard  Assessment 

Available  health  effects  data  for  1,4-dichlorobenzene  suggest  no  major  health 
hazard  associated  with  exposure  to  the  compound;  however,  the  potential  effects  of 
chronic,  low-level  exposure  to  1,4-dichlorobenzeae  have  yet  to  be  established. 
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Little  specifk  information  is  available  on  the  toxicity  of  l,4-dich|orobenzene  to 
humans.  One  report  of  five  cases  has  suggested  an  association  between  human 
leukemia  and  exposure  to  dichiorobenzenes,  including  1,4-dichlorobenzene  (259).  A 
cause  and  effect  relationship,  however,  cannot  be  reliably  inferred  from  these 
anecdotal  reports  (202). 

When  administered  by  gavage  to  rats  and  mice  for  two  yean,  1,4-dichlorobenzene 
doses  of  150  or  300  mg/kg  in  male  rats  and  doses  of  300  or  600  in  female  rats  and 
B6C3F,  mice  produced  clear  evidence  of  carcinogenicity  for  male  rats,  and  male  and 
female  mice,  but  no  evidence  of  carcinogenicity  for  female  rats  (3523).  Non- 
oncogenic  effects  in  these  studies  included  renal  lesions  in  rats  and  mice  and  thyroid, 
adrenal,  and  liver  lesions  in  mice. 

Long-term  inhalation  studies  in  rats  and  female  mice  failed  to  demonstrate  either 
a  carcinogenic  or  hematological  response,  even  at  a  high-level  (500  ppm)  exposure. 
Elevated  kidney  and  liver  weights  were  noted  at  this  exposure  level,  suggesting  some 
functional  response  of  these  organs  to  1,4-dichlorobenzene  exposure.  No  histological 
changes  were  detected  (257). 

A  set  of  in  vivo  mutagenicity  tests  using  the  dominant  lethal  assay  in  mice  and  a 
cytogenic  assay  on  bone  marrow  of  rau  demonstrated  no  effects  suggestive  of 
mutagenic  activity  for  1,4-dichlorobenzene  (257),  but  a  micronucleus  test  indicated 
evidence  for  clastogenicity  in  bone  marrow  cells  of  male  mice  injected  with  this 
isomer  (3464).  No  evidence  for  any  effect  on  reproductive  function  was  indicated  in 
the  dominant  lethal  assay  (257)  or  a  set  of  cmbryotoxicity  studies  (257,  267). 

Long-term  oral  administration  of  1,4-dichlorobenzene  to  rats  indicated  exposure 
to  13.42  mg/kg/day  produced  no  observed  adverse  effects  (254).  The  USEPA 
calculated  an  acceptable  daily  intake  for  1,4-dichlorobenzene  based  on  this  report 
(355). 


27.4  SAMPLING  AND  ANALYSIS  CXINSEDERATIONS 

Determination  of  1,4-dichlorobenzene  concentrations  in  soil  and  water  requires 
collection  of  a  representative  field  sample  and  laboratory  analysis.  Due  to  the  volatil¬ 
ity  of  1,4-dichlorobenzene,  care  is  required  to  prevent  losses  during  sample  collection 
and  stc  ige.  Soil  and  water  samples  should  be  collected  in  airtight  glass  containers 
preferably  with  no  headspace;  analysis  should  be  completed  within  14  days  of 
sampling.  In  addition  to  the  targeted  samples,  quality  control  samples  such  as  field 
blanks,  duplicates,  and  spiked  matrices  may  be  specified  in  the  recommended 
methods. 

EPA-approved  procedures  for  the  analysis  ;,4-dichlorobenzene,  one  of  the 
EPA  priority  pollutants,  in  aqueous  samples  include  EPA  Methods  601,  602,  612,  624, 
625,  and  1625*  (65)  or  Methods  801P,  ?C20,  8120,  and  8250  (63).  In  Methods  601, 


/ 
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602,  624,  8010,  and  8020  an  inert  gas  is  bubbled  through  the  aqueous  sample  in  a 
purging  chamber  at  ambient  temperature,  transferring  the  1,4-dichlorobeazeoe  from 
the  aqueous  phase  to  the  vapor  phase  and  onto  a  sorbent  trap.  The  trap  is  then 
heated  and  backflushed  to  desorb  the  1,4-dichIorobenzene  and  transfer  it  onto  a  gas 
chromatographic  (GC)  column.  Methanol  extracts  of  the  sample  may  also  be 
subjected  to  this  purge  and  trap  procedure  (Methods  8010  and  8020).  For  Methods 
612,  625,  1625,  8120,  and  8250,  samples  are  extracted  with  methylene  chloride  as  a 
solvent  using  a  separatory  funnel  or  a  continuous  liquid-Uquid  extractor.  An  aliquot 
of  the  concentrated  sample  extract  is  injected  onto  the  vlC  column  using  a  solvent 
flush  technique  (Methods  625  and  1625)  or  the  extract  is  concentrated,  dried,  and 
solvent  exchang^  to  hexane  prior  to  analysis  (Methods  612,  8120,  and  8250).  Ihe 
GC  column  is  programmed  to  separate  the  organics;  1,4-dichlcirobenzene  is  then 
detected  with  a  halide  specific  detector  (Methods  601  and  8010),  a  photo-ionization 
detector  (Methods  602  and  8020),  an  electron-capture  detector  (Methods  612  and 
8120),  or  a  mass  spectrometer  (Methods  625,  1625,  and  8250). 

The  EPA  procedures  recommended  for  l,4-dichloroben2ene  analysis  in  soil  and 
waste  sampl'^,  Methods  8010,  8020,  8120,  and  8250  (63),  differ  from  the  aqueous 
procedures  primarily  in  the  method  by  which  the  analyte  is  introiiuced  into  the  GC. 
The  sample  preparation  in  Methods  ^10  and  8020,  involves  dispt^rsing  the  soil  or 
waste  sample  in  water  prior  to  "purge  and  trap."  Alternatively,  methanol  extracts  of 
the  sediment/soil  may  be  subjected  to  the  purge  procedure  describt'd  above.  Hexane 
has  also  been  used  to  extract  1,4-dichlorobenzene  from  sludge  samples  (3169).  The 
extract  is  "cleaned-up"  on  an  alumina  column,  concentrated,  and  the.i  analyzed  by 
capillaiy  GC.  Other  sample  introduction  techniques  include  directio.'.  injection  and  a 
headspace  method  where  an  aliquot  the  vapor  above  the  sample  in  a  sealed  vial  is 
analyzed.  Recoveries  for  the  headspace  technique  may  vary  depending  upon  the  con¬ 
centration  (3355).  In  Methods  8120  and  8250,  solid  samples  are  extra:ted  using 
either  soxhlet  extraction  or  sonication  methods.  Neat  and  diluted  orga.iic  liquids  may 
be  analyzed  by  direct  injection. 

Typical  1,4-dichlorobenzene  de  tection  limits  that  can  be  obtained  in  wastewaters 
and  non-aqueous  samples  (wastes,  soils,  etc.)  are  shown  below.  The  1,4-dichlcro- 
benzene  detection  limit  for  Method  624  was  not  determined.  The  actual  detection 
limit  achieved  in  a  given  analysis  will  vary  with  instrument  sensitivity  and  matrix 
effects. 

Aqueous  Detection  Limit  Non-Aaueous  Detection  Limit 


0.4  Mg/L  (Method  601) 
0.3  fig/L  (Method  602) 
134  ng/L  (Method  612) 

4.4  (Method  625) 

10  (method  1625) 

Z4  ng/L  (Method  8010) 
3.0  Mg/L  (Method  8020) 

13.4  ng/L  (Method  8120) 
44  ng/L  (Method  8250) 


2.4  /ig/kg  (Method  8010) 
3.0  /ig/kg  (Method  8020) 
0.9  Mg/g  (Method  8120) 
2.9  Mg/g  (Method  8250) 
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COMMON 

SYNONYMS: 

l,2,4>Tyichioro- 

bemeoe 

lA*-TricftIorot>gBai 

TCB 

Uotym-tricfalaro- 

benzene 


CAS  REO.NO-  FORMULA; 
c:*H,a, 

KIOSK  NO; 

DC2100000 


AIR  W/V  CONVERSION 
FACTOR  at  25*C 

7.41  m  l  ppm; 

0.1348  ppm  «  1  mg/m’ 


MOLECULAR  WEIGHT: 
181.45 


REACnVITY 


Reactioot  of  halogenated  organic  materials  such  as 
l,2,4-trich]oroben2eoe  with  cyanides,  mercaptans  or  other 
organic  suIGdes  typically  generate  heat,  wnile  those  with 
amines,  azo  compounds,  hydrazines,  caustics  or  nitrides 
commonly  evolve  heat  and  toxic  or  flammable  gases. 
Reactions  with  oxidizing  mineral  acids  may  generate  heat, 
toxic  gases  and  Gres.  Those  with  alkali  or  alkaline 
earth  metals,  certain  other  chemically  active  elemental 
metals  like  aluminum,  zinc  or  magnesium,  organic  peroxides 
or  hydroperoxides,  strong  oxidizing  agents,  or  strong 
reducing  agenu  typically  result  in  heat  generation  and 
explosions  and/or  Gres  (511,  505). 


PHYSICO¬ 

CHEMICAL 

DATA 


Physical  State:  Liquid 
(at  20'C) 

Color:  Colorless 
Odor:  Aromatic 
Odor  Threshold:  3.000  ppni 
(approximate  data) 

Density:  1.4540  g/mL  (at  20*C) 
Freeze/Melt  Point:  17.00*0 
Boiling  Point:  213.50*C 
Flash  Point:  99.00*C  closed  cup 
Flammable  Limits:  :  JO  to  7.10% 
by  volume 

Autcignition  Temp.:  371.0  to 
638.0*C 

Vapor  Pressure;  2.70E-01  ram  Hg 
(at  20*C) 


(1219) 
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•  Satd.  Cone,  in  Air:  17000E+03 

mg/m*  (at  20*C) 

(1219) 

•  Solubility  in  Water  3.00E+01 

mg/L  (at  25*C) 

(236) 

•  Viscosity:  1.448  cp  (at  20*C) 

(21) 

PHYSICO- 

•  Surface  Tension:  3.8540E+01 

CHEMICAL 

dyoe/cm  (at  20"C) 

(21) 

DATA 

•  Log  (Octanol-Water  Partition 

(Cont) 

Coeff.):  4.12 

(29) 

•  Soil  Ad^rp.  Coeff.;  6J5E+03 

(652) 

•  Henry’s  Law  Const:  433E-03 

atm  •  m’/mol 

(74) 

•  Bioconc.  Factor:  1.82E+02  (blucgill). 

6J0E-»-02  (estim) 

(262,659) 

PERSISTENCE 

1,2,4-Trichlorobenzene  is  expected  to  be  strongly  sorbed 
onto  soils  with  1-2%  organic  carbon.  However, 
migration  through  surface  soils  and  to  a  much  greater 
extent  through  deep  soils  has  been  reported.  This 
compound  is  expected  to  be  persistent.  Volatilization 

IN  THE  SOIL- 

from  aqueous  solutions  has  been  observed  although 

WAHER 

volatilization  from  soils  is  expected  to  be  much  slower. 

SYSTEM 

Biodegradation  in  natural  soil  systems  is  slow  and  not 

expected  to  be  significant  except  in  acclimated  microbial 
populations. 

PATHWAYS 

OF 

EXPOSURE 


The  primary  pathway  of  concern  from  a  soil-water 
system  is  the  migration  of  1^4-trichIorobenzene  to 
groundwztcr  drinJdng  water  supplies.  This  pathway  will 
be  less  important  in  soils  of  high  organic  content,  and 
there  is  limited  evidence  that  such  migration  has 
occurred  in  the  past  Inhalation  resulting  &om 
volatilization  &om  surface  soils  may  also  be  important 
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Signs  and  Symptcnu  of  Short-term  Human  Exposure; 

Q. 


Acute  exposure  may  cause  drowsiness,  incoordination 
and  unconsdousness.  Vapc  s  are  irritating  to  the  eyes, 
sidn  and  respiratory  tract  Prolonged  or  repeated 
contact  with  liquid  may  cause  skin  bums. 


HEALTH 

HAZARD 

DATA 


ORAL; 

LDm  756  mg/kg 
LDm  300  mg/kg 

SKIN: 

LDm  6139  mg/kg 


Rat  (47) 
Mouse  (3504) 


Rat  (2) 


I  RiSS  Mi 


LIEIiSgBttEE 


Pregnancy/Neonate  Data;  Not  teratogenic  in  animals. 
Embryctoxic  in  rats  only  at  maternally  lethal  doses  (360 


faMi 


Carcinogenicity  Classification: 
lARC  >  No  data 
NTP  •  No  data 

EPA  •  Group  D  (not  classifiable  as  to  human 
carcinogenicity) 


HANDLING 

PRECAUTIONS 


Handle  chemical  only  with  adequate  ventilation 

•  There  are  no  formal  guidelines  available  for  this 
chemical  with  respect  to  respirator  use.  Use  a  self- 
contained  breathing  apparatus  with  a  full  facepiece  (or 
the  equivalent)  where  there  is  any  doubt  as  to  the 
efficacy  of  gas  masks  or  cartridge-type  respirators 

•  Chemical  goggles  if  there  is  a  probability  of  eye 
contact  •  Appropriate  clothing  to  prevent  repeated  or 
prolonged  skin  contact  Wear  impervious  gloves. 
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REGULATORY  STATUS  (as  of  01 -MAR-89) 


Federal  Programs 

l,2,4-Tri2hk>robenzene  is  listed  as  a  toxic  pollutant,  subject  to  general 
pre^reattMot  ivgdations  for  new  and  scuting  sources  and  to  effluent 
standards  and  guidelines  (331,  3763).  Effluent  limitations  specific  to 
this  cbenL^  have  been  set  in  the  following  point  source  categories: 
electroplating  (3767),  organic  chemicals,  plastics,  and  synthetic  Gbers 
(3777),  steam  electric  p<^r  generating  (3802),  metal  finishing  (3768). 
Limitations  vary  depending  on  the  type  of  industry  and  plant. 


Safe  Drihldng  Water  Act  (SDWA) 

Trichlorobenzene  is  on  the  list  of  ^  contaminants  required  to  be 
regulated  under  the  SDWA  of  1974  a?  amended  in  1986  by  January 
Wl  (3781).  EPA  lists  it  as  an  unregulated  contaminant  with  no  EPA 
monitoriiig  requirements.  The  individual  states  decide  which  systems 
require  analysis  for  this  contaminant  (3771).  In  states  with  an 
approved  Undergrouird  Injection  Control  program,  a  permit  is  required 
for  the  injection  of  1,2,4-trichlorobenzene-containing  wastes  designated 
as  hcjardous  under  RCRA  (295). 

i 

Resourcgl  Conservation  and  Recovery'  Act  (RCRA) 
1,2,4-Trichlorobenzene  is  listed  as  a  hazardous  waste  constituent 
(3783).  A  non-specific  source  of  1,2,4-trichlorobenzene-containing 
waste  is  ihe  production  of  chlorinated  ah'phatic  hydrocarbons  (325). 
Waste  streams  from  the  organic  chemicals  industry  (production  of 
chlorobenzene,  1,2-dichloroethane,  and  trichloroethylene/perchloro- 
ethylene)!  contain  1,2,4- trichlorobenzene  and  are  listed  as  specific 
sources  6f  hazardous  waste  (3774,  3765).  l,Z4-Trichlorobenzene  is 
subject  td  land  disposal  restrictions  when  its  concentration  as  a 
hazardous  waste  constituent  exceeds  designated  levels  (3785).  Effective 
July  8,  1987,  the  land  disposal  of  untreated  hazardous  wastes  which 
contain  halogenated  organic  compounds  in  total  concentrations  greater 
than  or  equal  to  1000  mg/kg  is  prohibited.  Effective  August  8,  1988, 
the  underground  injection  into  deep  wells  of  these  wastes  is  prohibited. 
Certain  variances  exist  until  May,  1990  for  some  wastewaters  and 
nonwastewaters  for  which  Best  remonstrated  Available  Technology 
(BDAT)  jtreatment  standards  have  not  been  promulgated  by  EPA 
(3786).  l,2,4-Trichlorobea2ene  is  included  on  EPA’s  groundwater 
monitoring  list  EPA  requires  that  all  hazardous  waste  treatment, 
storage,  ind  disposal  facilities  monitor  their  groundwater  for  chemicals 
on  tl^  list  when  susp>ected  contamination  is  Grst  detected  and  annually 
thereafter  (3775). 
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Toxic  Substances  Control  Act  (TSCA) 

Manufacturers,  processor  or  distributors  of  1,2,4-trichIorobenzene  must 
report  production,  usage  and  disposal  information  to  EPA.  'llbey,  as 
well  as  others  who  possess  health  and  safety  studies  on 

1.2.4- trichlorobenzene,  must  submit  them  to  EPA  (334,  3789).  EPA 
requires  that  manufacturers  and  importers  of  chemical  substances  made 
from  1,2,4-trichlorobenzeoe  submit  production,  use,  exposure  and 
disposal  data  in  order  to  determine  whether  there  is  further  need  for 
dic^  and  furan  testing  of  the  chemical  products  for  which 

1  A4-trichloroben2ene  is  a  precursor  (37^).  EPA  requires  that 
manufacturers  and  processors  of  1,2,4-trichloirobenzene  conduct 
oncogenicity,  environmental  effects,  and  chronic  toxicity  testing. 

Pievious  proposals  for  teratogenicity  and  subchronic  toxicity  testing 
have  been  withdrawn  (340). 

Comprehensive  Environmental  Response  Compensation  and  Liability 
Act  (CERCLA) 

1.2.4- Trichlorobenzene  is  designated  a  hazardous  substance  under 
CERCLA  It  has  a  reportable  quantity  (RQ)  limit  of  4S.4  kg. 
Reportable  quantities  have  also  been  issued  for  RCRA  hazardous 
waste  streams  containing  1,2,4- trichlorobenzene  but  these  depend  upon 
the  concentration  of  the  chemicals  in  the  waste  stream  (3766).  Under 
SARA  Title  DI  Section  313,  manufacturers,  processors,  importers,  and 
users  of  1,2,4-trichIorobenzene  must  report  annually  to  EPA  and  state 
officials  their  releases  of  this  chemical  to  the  environment  (3787), 

Marine  Protection  Research  and  Sanctuaries  Act  (MPRSA) 

Ocean  dumping  of  organohalogen  compounds  as  well  as  the  dumping 
of  known  or  suspected  carcinogens,  mutagens  or  teratogens  is 
prohibited  except  when  they  are  present  as  trace  contaminants.  Permit 
applicants  are  exempt  from  these  regulations  if  they  can  demonstrate 
that  such  chemical  constituents  are  non-toxic  and  non-bioaccumulative 
in  the  marine  environment  or  are  rapidly  rendered  harmless  by 
physical,  chemical  or  biological  processes  in  the  sea  (309). 

Occupational  Safety  and  Health  Act  (OSHA) 

A  ceiling  level  of  5  ppm  of  1,2,4-trichIorobenzene  shall  not  be 
exceeded  at  any  time  during  an  8-hour  work-shift  (3539). 

Hazardous  Materials  Transportation  Act  (HMTA) 

The  Department  of  Transportation  has  designated 

1.2.4- trichIorobenzene  as  a  hazardous  material  with  a  reportable 
quantity  of  45.4  kg,  subject  to  requirements  for  packaging,  labeling  and 
transportation  (3180). 
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•  State  Water  Programs 

ALL..STATE$ 

All  states  have  adopted  EPA  Ambient  Water  Quality  Criteria  and 
NPDWRs  (sec  Water  Exposure  Limits  section)  as  their  promulgated 
state  regulations,  either  by  narrative  reference  or  by  relisting  the 
specific  numeric  criteria.  These  states  have  promulgated  additional  or 
more  stringent  criteria: 

coNNEcnorr 

Connecticut  has  a  quantification  limit  of  2  /xg/L  for  drinking  water 
(3137). 

DISTRICT  OF  COLUMBIA 

The  District  of  Columbia  has  a  human  health  criterion  of  20  ^g/L  for 
all  chlorinated  benzenes  in  surface  waters  (3828). 

r^W  JERSEY 

New  Jersey  has  set  an  MCL  cf  8  pg/L  for  drinking  water  (3497). 

KANSAS 

Kansas  has  an  action  ievd  of  13  pg/L  for  groundwater  (3213). 

yCEK 

New  York  has  an  MCL  of  5  ug/L  for  the  sum  of  all  trichlorobenzenes 
in  drinking  water  and  a  nonenforceable  water  quality  guideline  cf  10 
HfJL  for  groundwater  (3501).  New  York  has  also  set  ambient  water 
quality  standards  for  the  sum  of  all  isomers  of  trichlorobenzenes  in 
surface  waters:  10  xxg/L  for  drinking  water  supply  waters,  50  Mg/L  for 
Qass  D  and  SD  waters,  and  5  /xg/L  for  Gasses  A,  A-S,  AA,  AA-S,  B, 
C,  SA,  SB  and  SC  waters  (3500). 

PENNSYLVANIA 

Pennsylvania  has  a  human  health  criterion  of  700  /xg/L  for  surface 
water  (3561). 

RHODE  ISLAND 

Rhode  Island  has  an  acute  freshwater  quality  guideline  of  75  jug/L  and 
a  chronic  guideline  of  1.7  pg/L  for  the  protection  of  aquatic  life  in 
surface  waters.  These  guidelines  are  enforceable  under  Rhode  Island 
state  law  (3590). 

SOUTH  DAKOTA 

South  Dakota  requires  trichlorobenzene  to  be  nondetectable,  using 
designated  test  methods,  in  groundwater  (3671). 
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•  Federal  Programs 

Safe  Driakin2  Water  Act  (SDWA) 

EPA  plans  to  propose  MCLs,  MCLGs,  and  monitoring  requirements 
for  1^4-trichlorobenzene  in  March.  1990,  with  final  action  scheduled 
for  March,  1991  (3751). 

•  State  Water  Programs 

M.9Sr.^TE§ 

Most  states  are  in  the  process  of  revising  their  water  programs  and 
proposing  changes  to  their  regulations  which  will  EPA’s  changes  when 
they  become  final.  Contact  with  stale  officers  is  advised.  Changes  are 
projected  for  1989-90  (3683). 


New  Jersey  has  proposed  a  water  quaiiiy  standard  of  8  ngfL  for  Gass 
FW2  surface  waters  (3496). 


EEC  Directives 


Direct  discharge  into  ground-water  (i.e.,  without  percolation  through 
the  ground  or  subsoil)  of  organchalogen  compounds  and  substances 
which  may  form  such  compounds  in  the  aquatic  environment, 
substances  which  possess  carcinogenic,  mutagenic  or  teratogenic 
properties  in  or  via  the  aquatic  environment,  and  mineral  oils  and 
hydrocarbons  is  prohibited.  Appropriate  measures  deemed  necessary  to 
prevent  indirect  discharge  into  ground-water  (i.e..  via  percolation 
through  ground  or  subsoil)  of  these  substances  shall  be  taken  by 
member  countries. 


'fbe  mandatory  specifications  for  organohalogenated  substances  specify 
that  the  concentration  of  each  substance  in  the  shellfish  water  or  in 
shellfish  flesh  roust  not  reach  or  exceed  a  level  which  has  harmful 
effects  on  the  shellfish  and  larvae.  The  specifications  for 
organohalogenated  substances  state  that  the  concentration  of  each 
substance  in  shellfish  flesh  must  be  so  limited  that  it  contributes  to  the 
high  quality  of  the  shellfish  product. 
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Directive  on  the  Discharge  of  Dangerous  Substances  (535) 
OrgaoohaJogeas,  carcuiogeiu  or  substaoces  which  have  a  deleterious 
effect  on  the  taste  and/or  odor  of  human  food  derived  from  aquatic 
environments  cannot  be  discharged  into  inland  surface  waters, 
territorial  waters  or  internal  coastal  waters  without  prior  authorization 
from  member  countries  which  isi>ue  emission  standards.  A  system  of 
zero-emission  applies  to  discharge  of  these  substances  into  ground- 
water. 

Direaive  on  Tone  and  Dangerous  Wastes  (542) 

Any  installation,  establishment,  or  undertaking  which  produces,  holds 
and/or  disposes  of  certain  toxic  and  dangerous  wastes  including  phenols 
and  phenol  compounds;  organic-halogen  compounds,  excluding  inert 
polymeric  materials  and  other  substances  referred  to  in  this  list  or 
covered  by  other  Directives  concerning  the  disposal  of  toxic  and 
dangerous  waste;  chlorinated  solvents;  organic  solvents;  biocides  and 
phyto-pharmaceutical  substances;  ethers  and  aromatic  polycyclic 
compounds  (with  carcirxagenic  effects)  shall  keep  a  record  of  the 
quantity,  nature,  physical  and  chemical  characteristics  and  origin  of 
such  waste,  and  of  the  methods  and  sites  used  for  disposing  of  such 
waste. 

EEC  Directives  -  Proposed 
Resolution  Second-Category  Pollutants  (545) 
l,2,4-trichbroben2ene  is  one  of  the  second -category  poilutaots  to  be 
studied  by  the  Commission  in  the  programme  of  action  of  the 
European  Communities  on  Environment  in  order  to  reduce  pollution 
and  nuisances  in  the  air  and  water.  Risk  to  human  health  and  the 
environment,  limits  of  pollutant  leveb  in  the  environment,  and 
determination  of  quality  standards  to  be  applied  will  be  assessed. 
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2&1  MAJOR  USES 

The  major  riser  of  l,2,4-trichloroben2cnc  is  the  textile  industry  where  it  is  utilized 
as  a  dye  carrier,  llie  pesticide  industry  consumes  28%  which  is  u^  during  the 
production  of  dicamba,  stirofos  and  trichlorodinitrobenzene.  Eighteen  percent  is  used 
in  functional  fluids  such  as  dielectric  liquids  and  transformer  oils.  Miscellaneous  uses 
account  for  the  remainder.  These  uses  include  degreasing  agents,  septic  tank  and 
drain  cleaner  formulations,  wood  preservatives  and  abrasive  formulations  used  in.  the 
manufacture  of  grinding  wheeb  (262). 


28L2  ENVIRONMENTAL  FATE  AND  EXPOSURE  PATHWAYS 
28.2.1  Tramport  in  SoQ/Ground-watcr  Systems 
28^1.1  Overview 

The  1,2,4-isomer  of  trichbrobehzene  may  move  through  the  soil/ground-water 
system  when  present  at  low  concentrations  (dissolved  in  water  and  sorbed  on  soil)  or 
as  a  separate  organic  phase  (resulting  from  a  spill  of  significant  quantities  of  the 
chemical).  In  general,  transport  pathways  can  be  assessed  by  using  an  equilibrium 
partitioning  model,  as  shown  in  Table  28-1.  These  calculations  predict  the 
partitioning  of  low  soil  concentrations  of  1.2,4-trichlnrobenxene  among  soil  particles, 
soil  water  and  soil  air.  Portions  of  1.2.4-trichloroben2ene  associated  with  the  water 
and  air  phases  of  the  soil  have  higher  mobility  than  the  adsorbed  portion. 

Estimates  for  the  unsaturated  topsoil  model  indicate  that  99.9%  of  the 
1,2.4-trichlorobenzene  is  expected  to  be  sorbed  onto  soil  particles.  Approximately 
0.08%  is  expected  to  partition  to  the  soil-water  phase,  and  is  thus  available  to  migrate 
by  bulk  transport  (e.g.,  the  downward  movement  of  infiltrating  water),  dispersion  and 
diffusion.  For  the  small  portion  of  1.2.4-trichloroben2ene  in  the  gaseous  phase  of  the 
soil  (less  than  0.04%),  diffusion  through  the  soil-air  pore^  up  to  the  ground  surface, 
and  subsequent  removal  by  wind,  may  be  a  significant  loss  pathway. 

In  saturated,  deep  soils  (containing  no  soil  air  and  negligible  soil  organic 
carbon),  a  slightly  higher  fraction  of  the  1.2,4-*.richlorobenzene  (3.6%)  is  likely  to  be 
present  in  the  soil-water  phase  (Table  28-1)  tnd  available  for  traasport  with  flowing 
ground  water.  The  percentage  sorbed  onto  deep  soils  (96.4%)  is  less  than  for  surface 
soils.  Due  to  the  potential  mobility  of  the  non-absorbed  12,4-trichlorobcnzene,  , 
ground  water  underlying  contaminated  soils  may  be  vulnerable  to  contamination.  In 
laboratory  studies,  Schwarzenbach  and  Westall  (228)  predicted  that  tricblorobenzene 
will  be  somc-A-hat  mobile  through  river  sediment  and  highly  mobile  through  aquifer 
materials. 
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TABLE  28-1 

EQUILIBRIUM  PARTmONING  CALCULATIONS  FOR 
1^4-TRICHLOROBENZENE  IN  MODEL  ENVIRONMENTS* 


Soil 

Soil 

Soil-Water 

Soil-Air 

Unsaturated 
topsoil^ 
at  25*C 

99.9 

0.06 

0.04 

Saturated 
deep  soil^ 

96.4 

3.6 

a)  Calculations  based  on  Mackay’s  equilibrium  partitioning  model  (34,35,36);  see 
Introduction  for  description  of  model  and  environmental  conditions  chosen  to 
represent  an  unsaturated  topsoil  and  saturated  deep  soil.  Calculated  percentages 
should  be  considered  as  rough  estimates  and  used  only  for  general  guidance. 

b)  Utilized  soil  sorption  coefficient  estimated  with  equations  of  Means  et  al.  (611): 
K«  «  6350 

c)  Henry’s  law  constant  taken  as  4.33E-03  atm  •  mVmol  at  25*C  (74). 

d)  Used  sorption  coefficient  (K,)  calculated  as  a  function  of  K«  assuming  0.1% 
organic  carbon:  K,  »  0.001  x  K*. 


28^2.1.2  Sorption  on  Soils 

The  mobility  of  1.2,4-trichlorobcn2enc  in  the  soil/ground-water  system  (and  its 
eventual  migration  into  aquifers)  is  strongly  affecied  by  the  extent  of  its  soiption  on 
soil  pari  ides.  In  general,  sorption  on  soils  is  expected  to: 

im'rease  with  increasing  soil  organic  matter  content; 
increase  slightly  with  decreasing  temperature; 
increase  moderately  with  increasing  salinity  of  the  .soil  water;  and 
decreas-e  moderately  with  increasing  dissolved  organic  matter  content 
of  the  soil  water. 

Laboratory  sorption  studies  (608)  indicate  tha*  sorption  of  l,2,4-trichloroben2ene 
(40  tig/L)  by  sediments  and  aquifer  material  b  a  reversible  process.  Retardation 
rates,  which  represent  the  interstitial  water  velocity/pollutant  velocity  in  the  soil,  were 
reported  by  Wilson  ct  al.  (82)  to  be  a  function  of  K»,  the  ratio  of  soil  density  (a)  to 
soil  water  content  (b),  and  the  organic  content  (oc)  of  the  soil  according  to  the 
following  equation: 
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R,  »  1  +  (a^)K„(oc) 

The  retardation  facton  (R^)  calculated  for  1^4-tnchlorobenzene  in  laboratory 
toil  columns  are:  7  in  sandy  soib  (82),  6.7  in  aquifer  material  (228),  and  100  in  river 
ledimeot  (228).  The  data  indicate  some  retardation  (Le.,  adsorption)  in  soils  having 
high  organic  carbon  content  (approximately  1-2%)  and  little  retardation  in  sandy  soils 
and  aquifer  materials  having  less  than  0.1%  organic  carbon. 

Wilson  et  al.  (82)  investigated  the  transport  and  fate  of  1,2,4-trichlorobenzene  in 
3.4  ffig/L  and  0J7  m^  solutions  applied  to  sandy  soils.  It  was  found  to  be  relatively 
mobile.  In  a  soil  column  receiving  3.4  mg/L  of  l,2,4-trichlorobenz-:ne,  approximately 
46%  percolated  through  the  soil  column  with  minimal  retardation  and  54%  was 
degraded  or  not  accounted  for;  for  the  0.57  mg/L  solution,  percolated  through 
the  soil  column  and  61%  was  degraded  or  not  accounted  for.  The  loss  due  to 
volatilization  was  noi  determined. 

Soil  and  ground-water  monitoring  data  in  the  area  of  an  accidental  spill  of  1500 
gallons  of  transformer  liquid  containing  1,2,4-trichJorobenzene  and  other  chlorinated 
organics  revealed  that  1,2,4-trichlorobenzene  migiated  quickly  from  the  spill  area, 
through  the  soil,  and  into  the  ground  water.  Ground  water  concentrations  of  500 
|ig/L  were  observed  after  the  spill  and  detectable  levels  remained  up  to  two  years 
later  (614). 

28.2.13  VolatOizatioo  firom  Soils 

Transport  of  1,2,4-trichIorobenzene  vapors  through  the  air-GIled  pores  of 
unsaturated  soils  may  occur  in  near-surface  soib.  However,  a  relatively  small 
percentage  of  1,2,4-trichlorobenzene  is  expected  to  be  present  in  the  soil-air  phase. 

In  general,  important  soil  and  environmental  properties  influencing  the  rate  of 
volatilization  include  soil  porosity,  temperature,  convection  currents  and  barometric 
pressure  changes;  important  physicochemical  properties  include  the  Henry’s  law 
constant,  the  vapor-soil  sorption  coefTicient,  and,  to  a  lesser  extent,  the  vapor  phase 
diffusion  coefficient  (31). 

The  Henry’s  law  constant  (H).  which  provides  an  indication  of  a  chemical’s 
tendency  to  volatilize  from  solution,  is  expected  to  increase  significantly  with 
increasing  temperature  Moderate  increases  in  H  have  also  bMn  observed  with 
increasing  salinity  and  the  presence  of  ether  organic  compounds  (18).  These  results 
suggest  that  the  presence  of  other  materials  may  significantly  affect  the  volatilization 
of  1,2,4-trichlorobenzene  particularly  Gom  surface  soils. 

No  information  was  available  for  the  two  other  physicochemical  properties 
influencing  l,Z4  trichlo(  benzene  volatilization,  i.e.,  the  vapor-soil  sorption  coefficient 
and  the  vapor  phase  diffusion  coefficient. 
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Volatilization  of  1,2,4-trichlorobenzene  from  aqueous  solutions  has  been  reported 
to  occur  at  a  relatively  rapid  rate  (10).  Ware  and  West  (609)  reported  an 
evaporation  half-life  of  45  nunutes  from  10  cm  of  water  at  standard  temperature  and 
pressure.  More  than  99%  of  a  100  mg/L  solution  of  1,2,4-trichJorobenzene  was 
reported  to  volatilize  from  aerated  distilled  water  in  less  than  four  hours  and  from 
unaerated  distilled  water  in  less  than  two  days  (600),  corresponding  to  half-lives  of  36 
minutes  from  aerated  water  and  72  hours  from  unaerated  water.  The  same  authors 
demonstrated  that  the  addition  of  mixed  cultures  of  aerobic  microorganisms  increased 
the  half-life  of  volatilization  from  aerated  water  to  four  or  Gve  hours;  this  effect  is 
probably  due  to  adsorption  of  1,2,4-tnchlorobenzene  onto  suspended  biological 
material. 

Wakeham  et  al.  (527)  examined  the  fate  and  persistence  of  1,2,4-trichloro¬ 
benzene  in  coastal  seawater.  Half-lives  calculated  for  1,2,4-trichlorobenzene  in  the 
marine  water  column  were  22  days  in  the  spring,  11  days  in  summer,  and  12  days  in 
wintei.  Volatilization  was  identified  as  the  major  removal  process.  Actual 
volatilization  rates  will  depend  heavily  on  factors  such  as  depth,  turbulence  and  other 
environmental  conditions.  Gimpared  to  volatilization  from  well-stirred  aqueous 
solutions,  volatilization  from  surface  soils  has  been  shown  to  be  slower  by 
approximately  one  order  of  magnitude  for  some  chlorinated  organics  (82). 

28L2J  Transformation  Processes  in  Soil/Giound-water  Systems 

The  persistence  of  l,2,4.trichlorobenzene  in  soil/groundwater  systems  is  not  well 
documented.  In  most  cases,  it  should  be  assumed  that  1,2,4-trichlorobenzene  will 
persist  for  months  to  years  (or  more).  The  portion  of  l,Z4-trichlorobenzene  that  bts 
been  released  from  the  soil  into  the  air  will  eventually  undergo  photochemical 
oxidation;  a  half-life  in  air  of  several  days  (10)  and  an  atmospheric  residence  time  of 
116  days  (601)  has  been  reported  for  1,2,4- trichlorobenzene. 

No  information  on  th^  hydrolysis  of  1.2,4-trichlorobenzene  was  available;  under 
normal  environmental  conditions,  hydrolysis  is  not  expected  to  be  a  significant 
biodegradation  pathway. 

The  1.2,4-isomer  of  trichlorobenzcne  is  not  expected  to  be  rapidly  biodegraded  in 
the  environment.  The  more  halogenated  a  compound  is,  the  more  resistant  it 
becomes  to  biodegradation.  Therefore,  1  2,4-trichlorobenzene  is  expected  to  be  more 
persistent  than  chlorobenzene  which  is  significantly  degraded  only  by  acclimated 
microbial  populations  (10). 

Trichlorobenzcncs  were  only  slowly  degraded  by  soil  microbes  in  culture  (610) 
and  no  degradation  of  1,2,4-irichlorobenzene  inject^  into  ground  watet  was  observed 
(597).  In  addition,  Wakeham  et  al.  (527)  report  that  biodegradation  is  not  an 
important  fate  process  for  1.2,4-trichlorobcnzenc  in  seawater. 
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Biodegradation  of  1^4-trichlorobenzene  by  microbial  populations  in  soil  has 
been  reported  (616)  to  occur  at  very  slow  rates  (1  nmol/day  per  20  g  of  soil). 
Anaerobic  conditions  were  shown  to  have  a  negative  effect  on  biodegradation  while 
increased  temperature  exhibited  a  positive  effect  (optimum  temperature  »  28*C); 
mmeral  fertilizers  or  cosubstrates  failed  to  increase  degradation  rates.  Biodegrading 
populations  were  unaffected  by  1.2,4-trichlorobenzene  toxicity  in  the  range  of  1  /xg/g 
to  10  /ig/g. 

In  most  soil/groundwater  systems,  the  concentration  of  microorganisms  capable  of 
biodegrading  chemicals  such  as  1,2,4-trichlorobenzene  is  expected  to  be  low  and  to 
drop  off  sharply  with  increasing  depth.  Furthermore,  optimum  temperatures  and 
aer^ic  conditions  for  biodegradation  are  not  expected  to  occur  natu*aily.  Thus, 
biodegradation  in  the  deep  soil/ground-water  system  should  be  assumed  to  be  of 
minimal  importance  except,  perhaps,  near  landGlls  with  active  mkrobioiogical 
populations. 

28JL3  Primary  Routes  of  exposure  From  Sofl/Ground-water  Systems 

The  above  discussion  of  fate  pathways  suggests  that  1,2,4-trichiorobenzene  is 
highly  volatile  from  aqueous  solutions,  moderately  to  strongly  adsorbed  by  soil  and 
has  a  moderate  potential  for  bioaccumulation.  This  compound  may  volatilize  from 
soil  surfaces.  The  portion  not  removed  by  volatilization  is  likely  to  be  mobile  in 
ground  water.  These  fate  characteristics  suggest  several  potential  exposure  pathways. 

Volatilization  of  l,2.4-trichloroben2ene  from  a  disposal  site,  particularly  during 
drilling  or  restoration  activities,  could  result  in  inhalation  exposures.  There  is  a 
potential  for  ground  water  contamination,  particularly  in  sandy  soil.  Mitre  (83) 
reported  that  l.Z4-trichlorobenzene  has  been  found  at  one  of  the  546  National 
Priority  List  (NPL)  sites  in  both  surface  and  ground  water.  It  has  also  been  detected 
iu  the  National  Organic  Monitoring  Survey  (NOMS)  (90).  In  this  survey, 
lZ,4-trichlorobenzene  was  detected  in  2  out  of  113  drinking  water  samples  with  a 
mean  concentration  (of  the  positives)  of  0.29  Mg/L. 

The  fate  discussion  above,  and  the  survey  results  indicate  that  this  compc<und  has 
a  limited  potential  for  movement  in  soil/ground-wa»cr  systems  of  higher  organic 
content.  In  some  soils  this  compound  may  eventually  reach  surface  waters,  suggesting 
several  other  exposure  pathways: 

•  Surface  waters  may  be  used  as  drinking  water  supplies,  tesulting  in  direct 
ingestion  exposures; 

•  Aquatic  organisms  residing  in  these  waters  may  be  consumed,  also  resulting 
in  ingestion  exposures  through  bioaccumulation; 

•  Recreational  use  of  these  waters  may  result  in  dermal  exposures; 


1A4-TRICHLOROBENZENE 


28-13 


•  Domestic  iinimals  may  consume  or  be  dennally  exposed  to  contaminated 
ground  or  surface  waters;  tbe  consumption  of  meau  and  poultry  could  then 
result  in  ingestion  exposures. 

In  general,  exposures  associated  with  surface  water  contamination  can  be 
expected  to  be  lower  than  exposures  from  drinking  contaminated  ground  water  for 
two  reasons.  Hnt,  the  Henry’s  law  constant  for  1,2,4-trichlorobenzene  suggests  that 
it  wfl]  volatilize  upon  reaching  surface  waters.  Secondly,  because 

1,2,4-trichlorobenzene  is  moderately  to  strongly  adsorb^  the  concentration  reaching 
surface  waters  will  be  attenuated  through  adsorption  to  sediments.  Thus,  the 
availability  of  1,2,4-trichlorobenzene  to  aquatic  organisms  may  be  limited,  although 
they  have  a  moderate  potential  to  bioaccumulate  this  compound. 

28.2.4  Other  Sources  of  Exposure 

The  volatility  of  1,2,4-trichlorobenzene  suggests  that  it  may  be  found  in  air. 
Brodzinsky  and  Singh  (84)  compiled  all  available  atmospheric  data  for  a  number  of 
volatile  organics.  For  trichlcrobenzene,  they  ,  bad  data  for  732  locations.  They  did 
not  specify  whether  the  trichlorobenzene  mom'tored  was  tbe  1,2,4-isomer. 
Trichlorubenzenc  was  not  found  in  rural  and  remote  locations.  In  urban  and 
suburban  areas,  the  median  concentration  was  0.062  fig/mK  In  source-dominated 
locations,  the  median  concentration  was  0.66  These  results  suggest  possible 

inhalation  exposure,  particularly  to  persons  residing  in  source-dominated  are^. 

It  was  noted  in  Section  20.2.3  that  1,2,4-trichloroberJzene  was  infrequently 
detected  in  drinking  water.  However,  effluents  contaminated  with 

1,2,4-trichlorobenzene  and  discharged  near  drinking  water  intakes  in  surface  water 
could  potentially  result  in  ingestion  exposures.  There  has  been  concern  regarding  the 
inadvertent  production  of  chlorobenzenes  through  chlorination  of  sources  or  effluents 
containing  benzene.  The  data  that  exist  seem  to  indicate  that  chlorination  is  not  a 
significant  inadvertent  source  (265). 


283  HUMAN  HE,\LTH  CONSIDERATIONS 

283.1  Animal  Studies 

283.1.1  Cardoogenidt}' 

No  adequate  studies  are  available  on  the  possible  carcinogenic  effects  associated 
with  13,4-trichlorobenzcne  CTposurc.  A  6-month  study  of  ICR-JCL  mice  fed 

13,4-trichloroben2ene  at  a  level  of  6C0  mg/kg  diet  (“72  mg/kg  bw/day;  see  Appendix 
3  for  conversion  assumptions)  reported  no  increased  inddence  of  hepatomas  (tumors 
of  the  liver)  (289). 
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A  two-year  sldn-painting  study  was  conducted  in  Slc:ddY  mice  Solutions  of 
1^4-tiichlorobenzene  in  acetone  (60%  and  30%)  were  applied  in  0.3  mL  increments 
twice  per  week.  The  local  effects  were  thickening  and  keratinization  of  the  epidermis 
follow^  by  inflammation.  Mean  survival  was  sig^cantly  reduced  in  the  60% 
treatment  group  (both  sexes)  and  in  females  in  the  30%  group.  Tumors  developed  in 
both  experimental  groups  at  numerous  sites  but  no  single  tumor  type  was  significantly 
increased  over  the  control  incidence.  The  actual  incidence  in  terms  of  tumor-bearing 
animals  was  not  provided  (translation  of  Japanese  text)  (290). 

These  two  studies  are  clearly  inadequate  for  drawing  any  conclusions  about  the 
potential  carcinogenicity  of  l,2,4-trichioroben2ene  in  humans. 

283.1.2  Genotaddty 

Studies  utilizing  Salmonella  typhimurium  reported  negative  results  in  as  many  as 
seven  straitis  with  and  without  metabolic  activation  at  concentratbns  up  to  3  mg/plate 
(3626,  3276,  3508,  3406).  This  system  is  generally  irisensitive  to  chlorinated 
compounds.  l,2,4-Trichloroben2ene  was  pesi.ive  in  an  in  vivo  assay  for  clastogenicity 
using  8-week  old  male  NMRI  mice.  The  mice  were  injected  intraperitoneally  with 
doses  of  105,  210,  315,  or  420  mg  of  i,2,4-trichlorobenzeneyicg  bo^  weight  at  0  and 
24  hn  and  sacrificed  at  30  hrs.  The  number  of  micronucleat^  cells  in  t.t'e  bone 
marrow  of  the  treated  males  shows  a  positive,  stat  stically  significant  (p<0.01),  dose- 
related  response  (3464). 

283.13  Teratogeoidty,  Embryotoxicity  and  Repnxluctive  Efiecis 

Teratogenic  effects  were  not  observed  following  treatment  of  rats  and  mice  with 
l,2,4-trichlorobcn2ene  and  embryotoxic  effects  of  this  chemical  were  seen  only  at 
concentrations  which  produced  maternal  toxicity. 

The  reproductive  effects  of  1,2,4-trichlorobenzcne  were  assessed  in  rats  orally 
administered  doses  of  0,  36,  120,  360  or  1200  mg/kg/day  on  days  9  through  13  of 
gestation.  Maternal  deaths  were  observed  in  the  360  and  1200  mg/kg  groups  (22% 
and  100%,  respectively).  Embryonic  development  was  sipificantly  retarded  at  360 
mg/kg/day  (maternal  body  weight  gain  was  significantly  reduced  in  this  group)  but  no 
increases  in  teratogenicity  or  embryoicthality  were  reported.  Marked  maternal  liver 
enzyme  induction  was  ot^rved  at  both  the  120  mg/kg  and  360  mg/kg  treatment 
levels.  No  observed  effects  were  noted  for  the  lowest  dosage  level  (288).  Also,  no 
evidence  of  teratogenic  effect  was  noted  in  another  study  conducted  with  rats  given 
oral  doses  up  to  300  mg/kg/day  of  1,2,4-trichlorobenzene  on  days  6-15  cf  pregnancy 
(269). 

Gray  and  Kavlock  (3251)  observed  no  changes  in  viability,  birth  weight.  Or  weight 
gain  in  mice  exposed  orally  to  130  mg/kg/day  of  1.2,4-trichlorobenzene  on  days  8 
through  12  of  gestation.  In  another  study,  pregnant  mice  were  exposed  by  gavage  to 
130  mg/kg/day  of  1,2,4-trichlorobenzenc  on  days  8  through  12  of  pregnancy.. 
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Lccomotor  activity  levels  in  the  oQspnng,  measured  in  a  Ggure  eight  maze  on 
postnatal  dcys  22,  58,  or  200,  we;e  not  significantly  different  from  controls. 

Robinson  and  coworken  (586)  conducted  a  multigeneration  study  with  rats 
exposed  to  1,2,4- trichlorobenzene  in  their  drinking  water  at  levels  of  0,  25,  100  or  400 
ppm.  These  exposure  levels  were  calculated  to  amount  to  3.7,  14.8  and  53.6  mg/kg, 
respectively,  for  females  at  83  days  of  age  and  2J,  8.9  and  33.0  mg/kg,  respectively, 
for  male  rats.  No  treatment-related  effects  with  respect  to  fertility,  viability  or  giWtb 
were  seen  in  any  generation. 

283.1.4  Other  Toxicoiogic  Effects 

283.1.4.1  Sbort-tenn  Toxidty 

The  toxic  effects  of  trichlorobenzencs  are  reportedly  not  as  severe  as  those  of 
the  dichlorobenzenes  (54).  Acute  oral  LD,,  values  of  756  mg/kg  and  766  mg/kg  have 
been  reported  for  rats  and  mice,  respectively  (51). 

Reversible  hepatic  porphyria  was  induced  in  rats  fed  730  mg/kg/da>  for  15  days 
(267)  and  rats  exposed  to  vapor  levels  of  30-100  ppm  7  hours/day,  5  days/week  for  30 
days  had  elevated  urinary  levels  of  uroporphyrin  and  coproporphyrin.  Both  dogs  and 
rats  exhibited  increased  liver  weights  at  the  100  ppm  level,  lire  no  adver^,e  effect 
level  in  rats  was  24  mg/m’.  There  were  no  significant  effects  on  body  weight, 
hematology  or  pathology  in  any  of  the  animals  at  any  dose  level  (585). 

283.1.4J  Qironic  Toxicity 

Few  long-term  studies  of  1.2.4-trichlorc'benzenc  have  been  conducted.  The 
available  data  indicate  slight  changes  in  the  ljv?r,  kidney  and  adrenal  glands. 

No  adverse  effects  were  noted  in  monkeys  given  oral  doses  of  1  to  25  mg/kg/day 
for  120  days.  Dosages  of  90  mg/kg  or  above  were  toxic.  At  doses  of  125  m^g, 
there  was  temporary  weight  loss  and  evidence  of  hepatic  enzyme  induction  but  no 
evidence  of  jaundice.  Doses  of  174  mg/kg  were  lethal  within  20  to  30  days  (287). 

An  oral  study,  described  as  "subchronic*  in  the  IRIS  database,  was  the  basis  for 
the  derivation  of  a  chronic  reference  dose  (RfD)  by  the  USEPA  (Carlson  and  Tardiff 
[3899]).  Male  CD  rats  (6/group)  were  given  1,2,4-trichlorobenzene  in  com  oil  at 
doses  of  0,  10,  20,  or  40  mg/kg/day,  and  hematological  parameters  and  induction  of 
various  enzymes  were  evaluated.  The  lowest  dose  tested,  10  mg/kg,  induced  some  of 
the  enzymes  assayed,  but  did  not  affect  liver-to-bedy  weight  ratio,  blood  hemoglobin 
level  or  hematocrit.  Enzyme  induction  was  more  pronounced  at  20  mg/kg,  but  did 
not  affect  ocher  parameters.  The  highest  dose  tested.  40  mg/kg,  induced  enzymes  and 
also  increased  liver-to  body  w,;ight  ratio,  effects  which  unlike  those  that  occurred  at 
lower  doses,  persisted  throughout  a  30-day  "recovery  period".  The  20  mgkg  dose  was 
considered  the  NOAEL  (no-observed-adverse-effect  level). 
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No  exposure-related  changes  in  body  weight,  hematology  or  serum  biochemistry 
were  reported  in  rats,  rabbits  or  monkeys  exposed  to  25,  SO  or  100  ppm  7  hours  per 
day,  S  days  a  week  for  periods  of  4,  13  and  26  weeks.  In  addition,  no  liver,  kidney 
or  ophthalmic  changes  were  observed  in  monkeys  or  rabbits.  Liver  and  kidney  effects 
were  noted  in  rats  at  4  and  13  weeks  but  bad  disappeared  by  the  26th  week  (285). 

Robinson  et  al.  noted  ad>enai  gland  enlargement  at  95  days  of  age  in  both  male 
and  female  rats  of  two  generations  continuously  exposed  to  1,2,4-trichlorobenzene  in 
drinking  water  at  a  level  of  400  ppm  but  ivst  at  100  ppm  (586). 

Subchronic  studies  have  assessed  the  dermal  toxidty  of  1,2,4-trichlorobenzene. 
Powers  et  al.  (584)  applied  technical-grade  1,2,4-trichlurobenzene  at  concentrations  of 
5  or  25%  (in  petroleum  ether)  or  undiluted  trichlorobenzeoe  topically  in  0.2  mL  . 
increments  to  the  ears  of  rabbits,  3  times  weekly  for  13  weeks.  No  overt  signs  of 
systemic  toxicity  were  noted.  Dermal  responses  ranged  from  redness  and  scaling  at 
the  5%  level  to  severe  scaling,  encrustation  and  desquamation  at  the  two  upper 
levels.  No  signs  of  systemic  toxicity  were  observed.  These  findings  are  in  contrast  to 
those  of  Brown  et  al.  (598)  who  reported  that  topical  application  of  O.S  mUday  of 
1,2,4-trichlorobenzene  5  days/week  for  3  weeks  was  lethal  to  some  guinea  pigs. 

Death  followed  extensor  convulsions.  Livers  of  these  animals  showed  necrotic  foci. 
The  different  results  in  the  studies  may  be  attributed  to  different  sites  of  application, 
the  volume  applied,  dosage  frequency  and  species  used. 

Rao  et  al.  (3932)  observed  slight  systemic  toxicity  in  rabbits  following  dermal 
application  of  a  mixture  of  technical  grade  trichlorobenzenc  (70%  1,2,4- 
trichlorobenzene  and  30%  1 ,2,3-trichiorobcnzene).  Doses  of  30,  150  or  450  mg/1cg 
trichlorobenzene  were  applied  to  the  backs  of  liie  animals  once  each  day,  5  daysAveek 
for  22  (males)  or  23  (females)  applications  over  30-31  days.  In  addition  to  dermal 
irritation,  systemic  effects  were  observed  that  included  a  sh'ght  but  statistically 
significant  increase  in  the  urinary  coproporphyrin  excretion  in  males  and  slight  pallor 
of  the  liver  at  gross  necropsy  in  both  sexes. 

283.2  Human  and  Epidemiologic  Studies 

In  humans,  eye  and  respiratory  tract  irritation  have  been  report^  follov,ing 
exposure  to  3  ppm  (22  mg/m’)  while  a  level  of  2.4  ppm  (17.8  mg/m’)  produced  no 
effects  (291).  TTie  only  other  additional  data  on  human  exposure  that  could  be  found 
are  two  individual  case  reports  of  aplastic  anemia  in  a  68-year-old  woman  who  often 
soaked  her  husband's  work-clothes  in  trichlorobenzenc  (isomer  unspecified)  and 
anemia  in  a  60-year-old  man  who  had  been  occupationally  exposed  to  various 
chlorinated  benzenes  over  a  30-year  period  (597).  The  oral  lethal  dose  has  been 
estimated  to  be  between  50  and  500  mg/kg  (~  2.5-25  mL)  for  a  70-kg  person  (17). 
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283  J  Levels  of  Concern 

The  levels  of  concern  associated  with  human  exposure  to  13i4-trichlorobenzene 
cannot  be  reliably  established  at  this  time  due  to  the  general  lack  of  health  effects 
data.  The  USEPA  (355)  has  not  set  a  water  quality  criterion  for  the  protection  of 
human  health  firom  the  toxic  effects  of  13>4-trichlorobenzene  ingested  through  water 
and  contaminated  aquatic  organisms  due  to  the  scant  information  available.  Howevier, 
the  USEPA  has  derived  an  oral  RfD  of  2E-02  mg/kg/day  for  lA4-trichlorobenzene, 
based  on  the  study  of  Carlson  and  Tardiff  (3899),  as  reported  in  the  IRIS  Database 
(3949). 

The  ACGIH  (3005)  and  OSHA  (3539)  recommend  a  5  ppm  (40  mg/m’)  ceiling 
limit,  based  on  the  irritating  properties  of  1,2,4  trichlorobeni^ene. 

283.4  Hazard  Assessment 

The  hazard  to  human  health  associated  with  long-term,  low-level  exposure  to 
13.4-trichlorobenzene  such  as  the  ingestion  of  contaminated  drinking  water  is 
uncertain.  Available  human  data  for  1,2,4-trichlorobenzene  are  limited  to  reported 
eye  and  respiratory  tract  irritation  resulting  from  acute  exposure  to  22  mg/m’  in  air 
(but  not  to  a  level  of  17.8  mg/m’)  (291). 

Animal  data  suggest  few  adverse  effects  are  likely  at  low  levek  of  exposure  but 
the  data  are  insufficient  to  estimate  dose-response  relationships  for  humans  with  any 
reliability.  No  adverse  effects  were  reported  for  monkeys  orally  administered  25 
mg/kg/day  of  l,2,4-trichioroben2ene  for  120  days;  dosages  of  90  mg/kg/day  and  above 
were  toxic  to  the  liver  (287).  Similar  results  were  observed  in  rats,  rabbits  and  dogs 
inhaling  1,2,4-trichlorobenzene  in  concentntions  up  to  800  mg/m’,  7  hours/day,  5 
days/week  for  up  to  26  weeks  (285).  Enlargement  of  the  adrenal  glands  was 
obwrved  in  both  sexes  of  parent  and  offspring  rats  at  95  days  of  age  subsequent  to 
exposure  to  400  ppm  1,2,4-trichlorobenzene  in  their  drinking  water  in  a 
raultigenerational  study  (586).  Dermal  toxicity  studies  with  1,2,4-trichlorobenzene 
suggest  that  skin  absorption  of  the  compound  may  occur  with  subsequent  systemic 
effects  (598,  3932). 

Carcinogenicity  data  are  inadequate  for  drawing  conclusions  about  the  potential 
carcinogenicity  of  1,2,4-trichlorobenzene  in  humaas.  Limited  genotoxic  data  are 
negative  in  the  Salmonella/microsome  assay  but  positive  in  an  in  vivo  micronucleus 
test  in  mice  (3464). 

A  multigenerational  study  conducted  with  rats  indicated  r.o  adverse  reproductive 
effects  (586)  resulting  from  ingesting  400  ppm  1,2,4-trichiorobcnzene  in  drinking 
water.  Two  studies  indicated  no  teratogenic  Endings  h  rats  ingesting  300  mglcg/day 
(269)  but  reduced  embryonic  development  at  JjO  mg/kg/day,  a  dose  which  was  toxic 
to  maternal  animals  (288). 
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284  SAMPLING  AND  ANALYSIS  CONSIDERATIONS 

Determination  of  l,2,4-trichIoroben2eDe  concentrations  in  soil  and  water  requires 
collection  of  a  representative  Geld  sample  and  laboratory  anr'lj'sis.  Care  is  required  to 
prevent  losses  during  sample  collection  and  storage.  Soil  and  water  samples  should 
be  collected  in  glass  containers;  extraction  of  samples  should  be  completed  within  7 
days  of  sampling  and  analysis  completed  within  40  days.  In  addition  to  the  targeted 
samples,  quality  control  samples  such  as  Geld  blanks,  duplicates,  and  spiked  matrices 
may  be  speciGed  in  the  recommended  methods. 

EPA-appreved  procedures  for  the  analysis  of  1,2,4-trichlorobenzene,  one  of  the 
EPA  priopty  pollutants,  in  aqueous  samples  irrclude  EPA  methods  612,  625,  1625 
(65),  8120  and  8250  (63).  Prior  to  analysis,  samples  are  extracted  with  methylene 
chloride  as  a  solvent  using  a  separatory  funnel  or  a  continuous  liquid-liquid  extractor. 
An  aliquot  of  the  concentrated  sample  extracted  is  injected  onto  a  gas 
chromatographic  (GC)  column  using  a  solvent  flush  texhnique  (Methods  625  and 
1625)  or  the  extract  is  solvent  exchanged  to  hexane  prior  to  analysis  (Methods  612, 
8120,  and  8250).  The  GC  column  is  progranuned  to  separate  the  semi-voiatile 
organics;  1,2,4-trichlorobenzene  is  then  detected  with  an  electron  capture  detector 
(Methods  612  and  8020)  or  a  mass  spectrometer  (Methods  625,  1625,  and  8250). 

The  EPA  procedures  recommended  for  1,2,4-trichlorobcnzenc  analysis  in  soil  and 
waste  samples,  Methods  8120  and  8250  (63),  diGfer  from  the  aqueous  procedures 
primarily  in  the  preparation  of  the  sample  extract  Solid  samples  are  extracted  using 
either  soxhiet  extraction  or  sonication  methods.  Neat  and  diluted  organic  liquids  may 
be  analyzed  by  direct  injection. 

Typical  1,2.4-trichlorobenzene  detection  limits  that  can  be  obtained  in 
wastewaters  and  non-aqueous  samples  (wastes,  soils,  etc.)  are  shown  below.  The 
actual  detection  limit  achieved  in  a  given  analysis  will  vary  with  instrument  sensitivity 
and  matrix  effects. 

Aqueous  Detection  Limit  Non-Aaueous  Detection  Limit 

0.05  uglL  (Method  612)  0.03  Mg/g  (Method  8120) 

1.9  Mg/L  (Method  625)  1.3  /ig/g  (Method  8250) 

10  #ig/L  (Method  1625) 

0.5  /ig/L  (Method  8120) 

19  Mg/L  (Method  8250) 
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COMMON 
SYNOIfifMS: 
l,2-BeozeiMd)cartv 
OBtylic  kid,  diethyl 
ester  I 
DEP  I 

Diethyl  phthalate 
Diethyl-o-pbtbalate 
Ethyl  phthalate 
Phthailc  acid 
diethyikter 


CASREG.NOJ  FORMULA; 

8L«6.2  CaH-A 

NIOSH  NO 
TI1050000 


STRUCTURE; 


e-o-CHi-CH, 

,A:^C-0-Ch.-ch, 


AIR  W/V  CONVERSION 
FACTOR  at  25*C  (12) 

9.07  mg/m’  «  1  ppm; 
0.11  ppm  «  1  mg/m’ 


MOLECULAR  WEIGHT: 
222.24 


Reactions  of  esters  such  as  diethyl  phthalate  with  strong 
acids,  strong  alkali,  strong  oxidizers,  strong  reducing  agents, 
or  explosive  materials  typically  result  in  the  generation  of 
REACTVITY  heat  and  occasional  fires  and/or  explosions  (38,511,505). 

Reactions  with  hydrazines,  alkali  or  alkaline  earth  metals, 
or  nitrides  generally  produce  heat  and  flammable  or 
otherwise  potentially  hazardous  gases  (511). 


•  Physical  State:  Liquid  (at  20*C) 

(23) 

•  Colon  Colorless 

(2) 

•  Odor:  Odorless 

(23) 

•  Odor  Threshold:  None 

•  Density:  1.1175  g/mL  (at  20“C) 

(12) 

•  Freeze/Meit  Point:  -40.50"C 

(23) 

•  Boiling  Point:  298.00“C 

(23) 

PHYSICO- 

•  Eash  Point:  16Z70®C  open  cup 

(23) 

CHEMICAL 

•  Eammable  Limits:  0.70  to  ?  %  by 

DATA 

volume 

(60,504) 

i 

1 

1 

•  Autoignition  Temp.:  457.0®C 

•  Vapor  Pressure:  3.50E-03  mm  Hg 

(60,504) 

(at  25’Q 

•  Satd.  Cone,  in  Air:  4.3000E-F01 

(33; 

mg/m’  (at  20“C) 

•  Solubility  in  Water:  1.04E+03 

(1219) 

mg/L  (at  25"C) 

(656) 

•  Viscosity:  31.300  cp  (at  0°C) 

(23) 
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•  Surface  Tension:  3.75E+01  dyne/cm 
(at  20*C) 

(23) 

PHYSICO- 

a  Log  (Octanol- Water  Partition 

Coeff.):  2.47 

(29) 

CiEMICAL 

•  SoQ  Adwrp.  Coeft:  1.42E-f02 

(652) 

DATA 

•  Henry’s  Law  Const:  9.80E-07 

(Cont) 

atm  ■  m’/mul  (at  25*C) 

(1219) 

•  Bioconc.  Factor:  1.40E+0i  (estim), 
1.17E+02  (bluegills) 

(659399) 

PERSISTENCE 
IN  THE  SOIL- 
WATER 
SYSTEM 


Fairly  mobile  in  wet  or  saturated  soils  as  chemical  is 
easily  transported  in  solution.  Fairly  iminobile  in  dry 
soils;  vapor-phase  transport  through  air-Glled  pores  of 
soil  is  probably  not  significant  Chemical  is  resistant  to 
bydrol^is  and  photol^is  but  is  readily  biodegraded. 


The  primary  pathway  of  concern  from  a  soil-water 
system  is  the  migration  of  diethyl  phthalate  to 
PATHWAYS  groundwater  drinking  water  supplies,  although  it  has  not 

OF  been  detected  in  ground  water  front  NPL  sites. 

EXPOSUIIE  inhalation  resulting  from  volatilization  from  surface  soils 

is  not  likely  to  be  importait 


Signs  arid  Symptoms  of  Short-term  Human  Exposure: 

1541 

Diethyl  phthalate  appears  to  have  a  low  order  of  acute 
toxicity.  Heated  vapors  may  irritate  the  nose  and  throat 

HEALTH 

HAZARD 

DATA 

Acute  Toxicitv  Studies: 

INHALATION: 

LCj,  7510  mg/m’ 

1 

Rat  (47) 

ORAL; 

LDj,  8600  mg/kg 

LD^  6172  mg/kg 

Rat  (47) 

Mouse  (3504) 

SKIN: 

LDj,  3000  mg/kg 

Guinea  Pig  (403) 
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ENVIRONMENTAL  AND  OCCUPATIONAL  STA>,T>ARDS  AND 

CRITERIA  (ConL) 


WATER  EXPOSURE  LIMITS: 

Drinking  Water  Standards  (3742) 

MCLG:  0  (tentative) 

EPA  Health  Advisories  and  Cancer  Risk  Levels 
None  esublished 

WHO  Drinking  Water  Guideline 
No  information  available. 

EPA  Ambient  Water  Quality  Criteria 

•  Human  Health  (355) 

-  Based  on  ingestion  of  contaminated  water  and  aquatic  organisms,  350 
mg/L  phthalate  esters. 

-  Based  on  ingestion  of  contaminated  aquatic  organisms  only,  1.8  g/L 
phthalate  esters. 

-  Based  on  ingestion  of  contaminated  water  only,  434  mg/L. 

•  Aquatic  Life  (355) 

-  Freshwater  sf^ies 
acute  toxicity: 

no  criterion,  but  lowest  effect  level  occurs  at  940  mfL  phthalate  esters, 
chronic  toxicity; 

no  criterion,  but  lowest  effect  level  occun  at  3  /ig/L  phthalate  esters. 

•  Saltwater  species 
acute  toxicity: 

no  criterion,  but  lowest  effect  level  occurs  at  2944  /ig/L  phthalate 
esters. 

chronic  toxicity: 

no  criterion  established  due  to  insufficient  data. 

REFERENCE  DOSES: 

ORAL:  8.000E+02  ^sg/kg/day  (3744) 


DIETHYL  PHTHAIATE 


29^5 


REGULATORY  STATUS  (as  of  Ol-MAR-89) 


•  Federal  Programs 

Clean  Water  Act  (CWA) 

I>iethyl  phthalate  is  listed  as  a  toxic  pollutant,  subject  to  general 
pretreatment  regulations  for  new  and  existing  sources,  and  effluent 
standards  and  guidelines  (351,  3763).  Effluent  limitations  specific  to 
this  chemical  have  been  set  in  the  following  point  source  categories: 
electroplating  (3767),  organic  chemicals,  plastics,  and  synthetic  Gbers 
(3777),  steam  electric  power  generating  (3802),  metal  finishing  (3768), 
and  metal  molding  and  casting  (892).  Dotations  vary  depending  on 
the  type  of  plant  and  industry. 

Safe  Drinking  Water  Act  (SD WA) 

Phthalates  are  on  the  list  of  83  contaminants  required  to  be  regulated 
under  the  SDWA  of  1974  as  amended  in  1986  (3781).  In  states  with 
an  approved  Underground  Injection  Control  program,  a  permit  is 
required  for  the  injection  of  diethyl  phthalate-containing  wastes 
designated  as  hazardous  under  RCRA  (295). 

Resource  Conservation  and  Recovery  Act  (RCRA) 

Diethyl  phthalate  is  identified  as  a  toxic  hazardous  waste  (U088)  and 
listed  as  a  hazardous  waste  constituent  (3783,  3784).  Wastestreams 
from  the  production  of  phthallic  anhydride  from  naphthalene  are  listed 
as  specific  sources  of  phthallic  acid-containing  toxic  hazardous  waste 
(3774,  3765).  Diethyl  phthalate  is  subject  to  land  disposal  restrictions 
when  its  concentration  as  a  hazardous  constituent  of  certain 
wastewaters  exceeds  designated  levels  (3785).  Effective  August  8, 

1%8,  the  land  disposal  of  certain  ’first  third”  untreated  diethyl 
phthalate-containing  hazardous  wastes  is  prohibited.  These  wastes  must 
Grst  be  treated  according  to  the  Best  Demonstrated  Available 
Technology  (BDAT)  treatment  standards  promulgated  by  EPA  (3786). 
Diethyl  phthalate  is  included  on  EPA’s  groendwater  monitoring  list. 
EPA  requires  that  ail  hazardous  waste  treatment,  storage,  and  disposal 
facilities  monitor  their  groundwater  for  chemicals  on  th^  list  when 
suspected  contamination  is  Grst  detected  and  annually  thereafter 
(3775). 

Toxic  Substances  Control  Act  (TSCA) 

Manufacturers,  processors  or  distributors  of  diethyl  phthalate  must 
report  production,  usage  and  disposal  information  to  EPA  They,  as 
well  as  othen  who  possess  health  and  safety  studies  on  diethyl 
phthalate,  must  submit  them  to  EPA  (334,  3789). 
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M.  (CERCLA) 

Diethyl  pbthalate  it  designated  a  h<izardous  substance  under  CEKCIA 
It  has  a  reportabie  quantity  (RQ)  limit  of  454  kg.  Reportable 
quantities  have  also  been  issued  for  RCRA  haxardous  waste  streams 
containing  phthallic  acid,  but  these  depend  upon  the  concentration  of 
the  chemicid  in  the  wastestream  (3766).  Under  SARA  Utle  m 
Section  313,  manufacturers,  processors,  importers,  and  users  of  diethyl 
phthalate  must  report  annually  to  EPA  and  state  officials  their  releases 
of  this  chemical  to  the  environment  (3787). 

Federal  Insectidde.  Fungicide  and  Rodenticide  Act  (FIFRA) 

Diethyl  phthalate  is  exempt  from  a  tolerance  requirement  when  used 
as  a  solvent  in  pesticide  formulations  applied  to  animals  (315). 

Marine  Protection  Research  and  Sanctuaries  Act  (MPRSA) 

Ocean  dumping  of  organohalogen  compounds  as  well  as  the  dumping 
of  known  or  suspected  carcinogens,  mutagens  or  teratogens  is 
prohibited  except  when  they  are  present  as  trace  contaminants.  Permit 
applicants  are  exempt  from  these  regulations  if  they  can  demonstrate 
that  such  chemical  constituents  are  non-toxic  and  non-bioaccumulative 
in  the  marine  environment  or  are  rapidly  rendered  harmless  by 
physical,  chemical  or  biological  processes  in  the  sea  (309). 

Occupational  Safety  and  Health  Act  (OSHA) 

Employee  exposure  to  diethyl  pbthalate  in  any  8-hour  work  day  shall 
not  exceed  an  8-hour  time-weighted  average  (TWA)  of  5  mg/m’  (3539). 

Hazardous  Materials  Transportation  Act  (HMTA) 

The  Department  of  Transportation  has  designated  diethyl  phthalate  as 
a  hazardous  substance,  with  a  reportable  quantity  of  454  kg,  subject  to 
requirements  for  packaging,  labeling  and  transportation  (3180). 

Food.  Dm^  and  Cosmetic  Act  (FDCA) 

Diethyl  phthalate  is  approved  for  use  as  an  indirect  food  additive  as  a 
component  of  adhesives  (3209). 

State  Water  Programs 
ALL  STATES 

All  states  have  adopted  EPA  Ambient  Water  Quality  Criteria  and 
NPDWRs  (see  Water  Exposure  Limits  section)  as  their  promulgated 
state  regulationr,  either  by  narrative  reference  or  by  relisting  the 
specific  numeric  criteria.  These  stales  have  promulgated  additional  or 
more  stringent  enteria. 
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EAKSM 

Kansas  has  an  action  level  of  350  mg/L  for  groundwater  (3213). 


New  York  has  an  MCL  of  50  ng/L  for  drinking  water,  and  a 
nonenforceable  water  quality  guideline  of  50  ng/L  for  surface  and 
groundwaters  (3501). 


Rhode  Island  has  an  acute  freshwater  quality  guideline  of  2605  ug/L 
and  a  chronic  guideline  of  58  ng/L  for  the  protection  of  aquatic  life  in 
surface  waters.  These  guidelines  are  enforceable  under  Rhode  Island 
state  law  (3590). 


South  Dakota  requires  phthalates  to  be  nondetectable,  using  designated 
test  methods,  in  ^oundwater  (3671). 


Wisconsin  has  set  a  human  threshold  criterion  of  170  mg/L  for  public 
water  supply  cold  surface  waters,  and  270  m%fL  for  warm  sport  fishing 
waters  (3842). 

Proposed  Regulations 

•  Federal  Programs 

Safe  Drinking  Water  Act  (SDWA) 

EFA  will  propose  MCLs,  MCLGs,  and  monitoring  requirements  for 
phthalates  in  March,  1990,  with  final  promulgation  scheduled  for 
March  1991  (3751). 

Resource  Conservation  and  Recovery  Act  (RCRA) 

LPA  has  proposed,  that  effective  June  8,  19^,  the  land  disposal  of 
certain  ’second  third*  untreated  diethyl  phthalate-containing  hazardous 
wastes  be  prohibited.  These  wastes  would  have  to  be  treated 
according  to  Best  Demonstrated  Available  Technology  (BDAT) 
treatment  standards  before  being  disposed.  Certain  variances  would 
exist  until  May,  1990  for  some  wastewaters  for  which  BDAT  treatment 
standards  had  not  been  promulgated  by  EPA  (3795). 

•  State  Water  Programs 


Most  states  are  in  the  process  of  revising  their  water  programs  and 
proposing  changes  to  their  regulations  which  will  follow  EPA’s  changes 
when  they  become  final.  Contact  with  the  state  officer  is  advised. 
Changes  are  projected  for  1989-90  (3683). 


Minnesota  has  proposed  a  Sensitive  Acute  Limit  (SAL)  of  13,025  ixgfL, 
and  a  chronic  criterion  of  290  ngJL  for  surface  waters  for  the 
protection  of  human  health  (3452). 
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EEC  Directives 

Directive  on  Ground-Water  (538) 

Direct  discharge  into  ground-water  (i.e.,  without  percolation  through 
the  ground  or  subsoU)  of  organohalogen  compounds  and  substances 
which  may  form  such  compounds  in  the  aquatic  environment,  sub¬ 
stances  which  possess  carcinogenic,  mutagenic  or  teratogenic  properties 
in  or  via  the  aquatic  environment,  and  mineral  oils  and  hydrocarbons  is 
prohibited.  Appropriate  measures  deemed  necessary  to  prevent  in¬ 
direct  discharge  into  ground-water  (Le.,  via  percolation  tluough  ground 
or  subsoil)  of  these  substances  shall  be  taken  by  member  countries. 

Directr/e  on  Toxic  and  Dangerous  Wastes  (542) 

Any  installation,  establishment,  or  undertaking  which  produces,  holds 
and/or  disposes  of  certain  toxic  and  dangerous  wastes  including  phenols 
and  phenol  compounds;  organic-halogen  compounds,  excluding  inert 
polymeric  materials  and  other  substances  referred  to  in  this  list  or 
covered  by  other  Directives  concerning  the  disposal  of  toxic  and 
dangerous  waste;  chlorinated  solvents;  organic  solvents;  biocides  and 
phytopharmaceutical  substances;  ethers  and  aromatic  polycyclic  com¬ 
pounds  (with  carcinogenic  effects)  shall  keep  a  record  of  the  quantity, 
nature,  physical  and  chemical  characteristics  and  origin  of  such  waste, 
and  of  the  methods  and  sites  used  for  disposing  of  such  waste. 

EEC  Directive  -  Proposed 

Resolution  on  a  Revised  List  of  Second  Category  Pollutants  (545) 
Diethyl  phtlate  is  one  of  the  seccnd-categoiy  pollutants  to  be  studied 
by  the  Commission  in  the  programme  of  action  of  the  European  Com¬ 
munities  on  Environment  in  order  to  reduce  pollution  and  nuisances  in 
the  air  and  water.  Risk  to  human  health  and  the  environment,  limits 
of  pollutant  levels  in  the  environment,  and  determination  of  quality 
standards  to  be  applied  will  be  assessed. 
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29.1  MAJOR  USES 

EHethyl  phtbalate  (DEP)  was  originally  used  as  a  replacement  for  camphor  in  the 
manufacture  of  cellulose  nitrate.  Its  major  use  is  as  a  plasticuer  for  cellulosic 
plastics.  This  accounts  for  95%  of  DEP  prod’iced.  Miscellaneous  uses  include:  a 
fixative  for  perfumes;  a  solvent  for  cellulose  acetate  in  varnishes;  and  use  as  an 
alcohol  denaturant  (403). 


29.2  ENVIRONMENTAL  FATE  AND  EXPOSURE  PATHWAYS 

29.2.1  Transport  in  SoO/Ground-water  Systems 

29.2.1.1  Overview 

Diethyl  phthalate  may  move  through  the  soil/ground-water  system  when  present 
at  low  concentrations  (dissolved  in  water  and  sorh^  on  soil)  or  as  a  separate  organic 
phase  (resulting  from  a  spill  of  significant  quantities  of  the  chemical).  In  general, 
transport  pathways  can  be  assessed  with  the  lue  of  an  equilibrium  partitioning  model 
as  shown  in  Table  29-1.  These  calculations  predict  the  partitioning  of  low  soil 
concentrations  of  diethyl  phthalate  among  soil  particles,  soil  water  and  soil  air.  The 
portions  of  diethyl  phthalate  associated  with  the  water  and  air  phases  of  the  soil  are 
more  mobile  than  the  adsorbed  portion. 

The  estimates  for  the  unsaturated  topsoil  model  indicate  that  most  of  the 
chemical  (96%)  will  be  sorbed  on  the  soil;  a  small  amount  (3.5%)  of  the  chemical 
will  be  present  in  the  soil-water  phase  and  can  thus  migrate  by  bulk  transport  (e.g., 
the  downward  movement  of  infiltrating  water),  dispersion  and  diffusion.  For  the 
small  portion  of  diethyl  phthalate  in  the  gaseous  phase  of  the  soil  (0.0004%), 
diffusion  through  the  soil-air  pores  up  to  the  ground  surface,  and  subsequent  removal 
by  wind  is  possible. 

In  saturated,  deep  soils  (containing  no  soil  air  and  negligible  soil  organic  carbon), 
a  much  higher  fraction  of  the  diethyl  phthalate  (63%)  is  likely  to  be  present  in  the 
soil-water  phase  (Table  29-1)  and  transported  with  flowing  ground  water.  Ground 
water  underlying  DEP-contaminated  soils  with  low  organic  content  is  thus  vulnerable 
to  pollution  by  the  chemical. 

There  are  no  data  from  laboratory  or  Geld  studies  that  focus  on  the  fate  of 
diethyl  phthalate  in  soil-water  systems.  However,  Lewis  et  al.  (703)  studied  the 
transport  and  fate  of  DEP  in  simulated  (laboratory)  aquatic  ecosystems  and  much  of 
their  work,  which  focused  on  elucidation  of  key  environmental  processes,  is  pertinent 
to  soil-water  systems.  Their  results  showed  that  sorption,  photolysis  and  chemical 
hydrolysis  were  insignifleant  processes  in  the  fate  of  DEP  in  water,  sediments  and 
microbiota;  the  fate  was  almost  solely  determined  by  bacterial  transformation. 
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TABLE  29-1 

EQUILIBRIUM  PARTITIONING  CALCULATIONS  FOR  DIETHYL 
PHTHALATE  IN  MODEL  ENVIRONMENTS* * 


Soil  Estimated  Percent  of  Total  Mass  of  Chemical  in  Each  Compartment 

Environment  Soil  Soil-Water  Soil-Air 


Unsaturated 

topsoil 
at  25"C« 

96.5 

0.0004 

Saturated 

deep  soil^ 

37.4 

616 

• 

a)  Calculations  based  on  Maclcay’s  equilibrium  partitioning  model  (34,  35,  36);  see 
Introduction  for  description  of  model  and  environmental  conditions  chosen  to 
represent  an  unsaturated  top-soil  and  saturated  deep  soil.  Calculated  percentages 
should  be  considered  as  rough  estimates  and  used  only  for  general  guidance. 

b)  Utilized  estimated  soil  sorption  coeQlcient:  K_  142  (Estimated  by  Aithur  D. 
Little,  Inc.) 

c)  Henry’s  law  constant  taken  9.8E-07  atm  •  mVmol  at  ZS'C  (Estimated  by  Arthur  D. 
Little,  Inc.) 

d)  Used  sorption  coefficient  calculated  as  a  function  of  assuming  0.1%  organic 
carbon;  K,  =  0.001  x  K,*. 


Additional  information  on  DEP  is  also  available  in  the  thorough  review  of  phthalic 
acid  esters  by  Giam  et  al.  (768). 

292.12  Sorption  on  Soils 

The  mobility  of  diethyl  phthalate  in  the  soil/gronnd-water  system  (and  its 
eventual  migration  into  aquif^ers)  is  strongly  affected  by  the  extent  of  its  sorption  on 
soil  particles.  In  general,  sorption  on  soils  is  expected  to: 

-  increase  with  increasing  soil  organic  matter  content; 

•  inctease  slightly  with  decreasing  temperatures; 

-  increase  moderately  with  increasing  salinity  of  the  soil  water;  and 

•  decrease  moderately  with  increasing  dissolved  organic 
matter  content  of  the  soil  water. 

Based  upon  its  octanol-water  partition  coefficient  of  295,  the  soil  sorption 
coefficient  (K,*)  is  estimated  to  be  142.  This  is  a  relatively  low  number  indicative  of 
weak  sorption  to  soils.  The  laboratory  aquatic  ecosystem  studies  of  Lewis  et  al.  (703) 
also  demonstrate  the  weak  sorption  behavior  of  DEP.  They  found  no  loss  of  DEP 
resulting  from  sorption  in  flasks  containing  up  to  several  grams  of  biomass 
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(autoclaved  aquatic  microbial  growth),  do  sorption  of  DEP  on  36  sediment  samples, 
and  less  than  1%  of  DEP  loss  due  to  sorption  on  the  channel  surfaces  (of  the 
laboratory  test  apparatus). 

According  to  reports  by  Autian  (765),  Ogner  and  Schnitzer  (766)  and  Matsuda 
and  Schnitzer  (767),  phthalate  esters  readily  complex  with  natural  organic  substances 
(e.g.,  fuMc  acid)  to  form  complexes  which  are  veiy  soluble  in  water.  Thus,  sorption 
to  soils  may  be  significantly  w^er  than  might  be  expected  based  upon  the  informa¬ 
tion  given  above. 

29.2.U  Volatilizatioa  &wn  SoQt 

Transport  of  DFP  vapors  through  the  air-GUed  pores  of  unsaturated  soils  is  not 
expected  to  he  an  important  transport  mechanism  except  for  near-surface  dry  soils. 
The  extremely  low  value  of  Henry’s  law  constant  for  DEP  (9.8E-07  atm  •  mVmol  at 
25"C)  implies  that,  when  water  is  present,  nearly  all  the  Dl^  will  be  in  the  water  or 
soil  compartments  (see  Table  29-1). 

29.22  Transfonnatioa  Processes  in  SoS/Ground-water  Systems 

The  persistence  of  diethyl  phthalate  in  soil'ground-water  systems  is  not  well 
documented.  In  most  cases,  it  should  be  assumed  that  DEP  will  persist  for  months  to 
years  (or  more).  DEP  that  has  been  released  into  the  air,  or  that  enters  surface 
waten  with  significant  sunlight  exposure,  is  not  expected  to  be  degraded  by  direct 
photolysis.  Resistance  to  photolytic  degradation  was  demonstrated  in  the  la'ooratory 
model  ecosystem  tests  of  Lewis  et  al.  (703)  which  used  fluorescent  lighting.  Resis¬ 
tance  to  direct  photolysis  would  also  be  expected  based  upon  DEP’s  ultraviolet 
absorption  spectrum  which  shows  no  absorbance  above  300  nm  (657). 

DEP  under  normal  environmental  conditions  is  not  expected  to  undergo  rapid 
hydrolysis.  This  general  conclusion  was  reached  by  Lewis  et  al.  (703)  based  upon 
their  laboratory  model  ecosystem  tests  which  used  fresh  water  at  2CfC.  a  DEP 
concentration  of  191  /ig/L  and  a  pH  of  10.  Loss  of  DEP  from  water  as  a  result  of 
chemical  hydrolysis  was  barely  meuurable  within  the  12-hr  retention  period  (in  the 
model  reactor),  amounting  to  approximately  10  /ig/L  of  the  191  /sg/L  concentration. 

Wolfe  et  al.  (705)  measured  the  second-order,  alkaline,  hydrolysis  rate  constant 
(kOH)  for  several  phthalates,  including  DEP,  at  30°C  Phthalate  concentrations  were 
always  less  than  E-05  M.  The  reported  kOH  value  for  DEP  was 
(2.5-^0.2)E-02/M/sec.  A  first-order  hydrolysis  rate  constant  (k)  can  be  calculated  from 
this,  at  any  pH,  from  the  following  equation: 

k(sec  ')  »  25E-02  [OH] 

where  [OH]  is  the  molar  concentration  of  the  OH'  ion.  At  pH  »  7,  [OH]  =  lE-07 
and  k  *  2  5E-09/scc.  Under  these  conditions  (e.g.,  30°C,  pH  =  7)  the  hydrolysis 
half-life  is  8.8  years.  A  20“C  drop  in  temperature  (to  a  more  typical  ground-water 
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temperature  of  10°C)  would  increase  the  hydrolysis  half-life  by  about  a  factor  of 
5,  Le.,  to  44  years. 

DEP  has  been  shown  to  be  fairly  easily  biodegradable  in  several  studies.  Rapid 
degradation  was  seen  in  laboratory  aquatic  ecosystem  tests  reported  by  Lewis  et  al. 
(703,  764);  however,  DEP  was  transformed  in  only  two  out  of  ten  tests  using 
field-collected  microbiota  (763).  Rapid  (primary)  biodegradation  has  also  been  shown 
in  activated  sludge  tests  (55,  704,  763),  b  acclimated  shake-flask  CX)}  evolution  tests 
(678),  and  b  river  die-away  tests  (763).  A  number  of  bacterial  strains  have  been 
shown  capable  of  bavbg  their  growth  supported  by  DEP  cultures.  In  the  activated 
sludge,  shake-flask  type  of  tests,  90-100%  degradation  was  usually  obtained  within  1 
to  28  days.  First-  and/or  second-order  biodegradation  rate  constants  are  given  by 
several  of  these  studies  (678,  703,  704,  764).  The  applicability  of  these  laboratory- 
derived  rate  constants  to  real  environments  would  bvolve  significant  uncertainty. 
Additional  information  on  the  biodegradability  of  phthalic  acid  esters  is  given  by 
Giam  et  al.  (768). 

There  are  rro  data  available  on  the  possibility  of  anaerobic  biodegradation.  In 
most  soil/ground-water  systems,  the  concentration  of  microorganisms  capable  of 
biodegrading  chemicals  such  as  DEP  is  very  low  and  drops  off  sharply  with  bereasing 
depth.  Thus,  biodegradation  in  the  soil/ground-water  system  should  be  assumed  to  be 
of  minimal  importance  except,  perhaps,  b  near-surface  soils  and  b  landfills  with 
active  microbiological  populations. 

29.23  Primary  Routes  of  Expcmire  from  Soil/Giound-water  Systems 

The  above  discussion  of  fate  pathways  suggests  that  diethyl  phthalate  has  a  very 
low  volatility,  is  moderately  adsori^  to  soil  and  has  a  low  potential  for  bioaccumula¬ 
tion.  Therefore,  the  volatilization  of  this  compound  from  surface  soils  is  not  likely  to 
be  a  primary  route  of  exposure.  Its  moderate  adsorption  to  soil  suggests  that  it  may 
be  somewhat  mobile  in  ground  water,  particularly  in  sandy  soils. 

Mitre  (83)  reported  that  diethyl  phthalate  has  been  found  at  only  one  of  the  546 
National  Priority  List  (NPL)  sites  b  surface  water.  It  was  not  detected  in  ground 
water  at  any  of  the  sites,  l^e  fact  that  DEP  has  not  been  found  at  these  sites  may 
be  attributed  to  its  low  production  volume  and  its  limited  mobility  b  soil/ground¬ 
water  systems.  In  addition,  this  compound  is  not  as  commonly  analyzed  for  as  are 
volatiles. 

Even  though  this  compound  has  a  limited  potential  for  movement  in  soil/ground- 
water  systems,  it  may  reach  surface  waters  via  ground  water  under  certain  conditions. 
Releases  of  this  nature  to  surface  water  suggest  several  other  exposure  pathways: 

•  Surface  waters  may  be  used  as  drinking  water  supplies,  resulting  in  direct 
bgestion  exposures; 
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•  Aquatic  organisms  residing  in  these  waters  may  be  consumed,  also 
resulting  in  ingestion  exposures; 

•  Recreational  use  of  these  waters  may  result  in  dermal  exposures; 

•  Domestic  animals  may  consume  or  be  dermally  exposed  to  contaminated 
ground  or  surface  waters;  the  consumption  of  meats  and  poultry  could 
then  result  in  ingestion  exposures. 

Of  these,  the  ingestion  of  surface  water  probably  represents  the  most  significant 
exposure  pathway.  DEP  reaching  surface  water  will  not  be  readily  volatilized  or 
abwrbed,  and  hence  may  be  persistent  in  the  water  column  relative  to  other  com¬ 
pounds.  The  indirect  ingestion  pathways  (aquatic  organisms  and  domestic  animals) 
are  not  likely  to  be  important  due  to  the  low  biocoucentration  factor  for  DEP. 

29JL4  Other  Sources  of  Exposure 

There  are  L'ttle  data  regarding  other  sources  of  exposure  to  DEP.  It  was 
detected  in  six  out  of  ten  city  water  supplies  tested  at  levels  of  0.01  to  1  /rg/L  (691). 
In  addition,  it  is  used  in  the  formulation  of  some  products  that  consumers  may  come 
in  contact  with;  dermal  or  inhalation  exposures  may  result  from  these  uses. 


293  HUMAN  HEALTH  CONSIDERATIONS 

293.1  Animal  Studies 

293.1.1  Cardnogenidity 

There  are  no  carcinogenicity  data  available  for  DEP;  it  is  presently  being  tested 
by  the  National  Toxicology  Program. 

293.13  Genotozicity 

Diethyl  phthalate  (DEP)  has  given  negative  results  in  almost  all  short-term  tests  . 
in  which  it  has  been  studied.  It  was  negaJve  in  the  Salmonella/microsome  test  (3070, 
3861)  with  or  without  metabolic  activation.  There  are  two  reports  in  which  strains 
TA98  and/or  TAIOO  are  positive  without  metabolic  activation  but  negative  with 
actuation  (400,  3009,  and  one  report  that  claims  that  strain  TAIOO  is  positive  with  or 
without  activation  for  8-azaguanine  resistance  (3633)).  DEP  was  reported  negative  in 
the  Bacillus  subtilis  rec  assay  (3612)  and  it  did  not  induce  chromosomal  aberrations  in 
Chinese  hamster  lung  cells  treated  in  cultur :  (3330),  nor  did  it  induce  chromosomal 
aberrations  or  chromatid  gaps  in  human  leukocytes  treated  in  vitro  for  8  hrs  (3729). 
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293.13  Termtogenidty,  EmbiyotcDddty  a&d  Rq;>roductive  Effects 

Diethyl  phtbalate  has  been  observed  to  be  non-teratogenic  in  mice  in  teratogenic 
and  reproductive  studies  utilizing  several  routes  of  administration  of  the  chemical. 
Lamb  et  al.  (3387)  exposed  both  male  and  female  mice  to  0.25%,  135%,  or  2.5%  of 
DEP  in  their  diet  for  7  days  prior  to  and  during  a  98  day  cohabitation  period.  No 
reduction  was  observed,  at  any  dose  level,  on  the  number  of  litters  produced,  cumber 
of  pups  per  litter,  birth  weights,  or  survival  of  pups.  However,  when  the  F,  oiifspring 
of  the  23%  group  were  mated,  litter  size  was  reduced  significantly  (9.95  vs  11.53  in 
controls).  CD-I  mice  exposed  by  gavage  to  4300  mg/kg/day  of  DEP  on  gestational 
days  6-13  displayed  no  changes  in  number  of  viable  Utters,  Utter  size,  percentage 
survival,  or  birth  weight.  In  this  study  by  Hardin  et  aL  (3271),  a  nonsignificant 
increase  in  maternal  mortality  but  not  m  average  maternal  weight  change  was 
observed. 

Tanaka  et  al.  (3699)  exposed  mice  percutaneously  on  gestational  days  0-17  to  50, 
1650,  or  5600  mg/kg/day  of  DEP.  No  external,  visceral,  or  skeletal  anomalies  in  the 
fetuses  were  attributable  to  DEP  exposure  when  they  were  examined  on  gestational 
day  18.  However,  fetal  body  weight  was  reduced  and  a  higher  incidence  of  cervical 
and  lumbar  ribs  was  observed  at  the  high  dose.  Maternal  toxicity  was  indicated  by 
reduced  thymus  and  spleen  weight  at  all  doses  and  at  the  high  dose  by  increased 
adrenal  weights.  These  studies  indicate  that  in  mice  DEP  is  not  teratogenic,  but  can 
be  embryotox'c  at  doses  resulting  in  maiemal  toxicity. 

Skeletal  abnormalities  were  observed  in  30  to  50%  of  rat  fetuses  from  dams 
injected  intraperiloneally  with  0.5-1.7  mlAg  DEP  on  days  5,  10  and  15  of  gestation. 
Incomplete  or  missing  skull  bones  were  the  most  prominent  skeletal  abnormality.  No 
fetal  deaths  were  seen  (401). 

No  changes  were  noted  in  the  testicular  tissue  of  young  male  rats  given  1600 
mg/kg/day  by  ga  .’age  for  4  days  (402). 

293.1.4  Other  Toxicologic  Effects 

293.1.4.1  Short-term  Toxidty 

The  acute  toxicity  for  laboratory  animals  by  most  routes  is  relatively  low  (2). 

A  total  of  650  mg/kg  in  a  3%  acacia  solution  was  administered  intravenously  to 
rabbits  without  significant  effect.  Each  50  mg/kg  dose  produced  a  trarisient  decrease 
in  blood  pressure  (292).  Intradermal  injection  of  0.2  mL  of  a  100  m^mL  emulsion  of 
DEP  in  3%  acacia  into  rabbits  produced  a  marked  inflammatory  response  (292). 
However,  undiluted  DEP  applied  to  rabbits’  eyes  produced  no  obvious  irritation 
(404). 
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293.1.42  Oinxiic  Toodd.Y 

The  Do-efiiect  levels  determined  from  long-term  feeding  studies  of  6  or  more 
weeks  duration  were  23  grlcg/day  for  the  rat  and  125/kg/day  for  the  dog  with  no 
specific  lesion  attributable  to  DEP  and  no  unusual  incidence  of  tumors  (2).  In 
addition,  mice  showed  no  signs  of  toxicity  during  a  six-week  study  consisting  of  daily 
intr^peritoneal  injections  with  125  mg/kg  DEP.  Autopsy  revealed  some  degree  of 
peritoi  litis  in  all  animals  (292).  Brown  and  coworkers  (769)  administered  DEP  to 
male  and  female  rats  in  the  diet  at  concentrations  of  0.2,  1  or  5%  for  16  weeks. 
ILese  dietary  concentrations  correspond  to  approximately  150,  770  and  3160 
mg/kg/day  in  males  and  150,  750  and  3710  mg^cg/day  in  females.  Several  organs  were 
enlarged  at  study  termination  but  pathological  changes  were  observed  only  in  the  liver 
(fatty  degeneration)  and  kidney  (occasional  pyelonephritis  and  lymphocytic  infiltration) 
and  were  not  dose-related. 

In  a  2-year  feeding  study  Food  Research  Laboratories,  Inc.  (3221)  administered 
0,  0.5,  2.5,  or  5.0%  DEP  to  groups  (15/sex)  of  albino  rats.  Growth  of  animals  in  the 
5%  group  was  retarded  throughout  the  study,  with  no  depression  of  food  intake.  No 
other  treatment-related  effects  were  noted. 

2932  Human  and  Epidemiologic  Studies 
2932.1  Short-term  Toxioologic  Effects 

The  lowest  published  toxic  concentration  for  humans  is  110  ppm  (1000  mg/m’) 
(47).  No  other  short-term  human  inhalation  or  ingestion  data  are  available. 

Diethyl  phthalate  does  not  act  as  a  primary  irritant  when  applied  to  the  skin  nor 
has  it  induced  allergic  reactions  in  humans  who  have  contact  with  it.  Heated  vapors 
may  produce  transient  irritation  of  the  nose  and  throat  (399). 

29322  Chronic  Toxicoiogic  Effects 

There  is  little  information  available  on  chronic  human  exposure.  In  one  study, 
symptoms  of  hepatitis  were  observed  in  3  individuals  who  underwent  up  to  33 
hemodialysis  treatments  with  PVC  dialysis  tubing.  DEP  was  found  to  be  present  in 
the  aqueous  perfusates  from  the  tubing  at  a  level  of  10-50  mg/L  The  symptoms 
disappeared  shortly  after  the  tubing  was  changed  (405). 

2933  Levels  of  Coocem 

An  Oral  Reference  Dose  of  800  ;ig/kg/day  has  been  proposed  by  the  USEPA 
(3744).  The  USEPA  (355)  has  established  an  ambient  water  quality  criterion  of  350 
mg/L  for  the  protection  of  human  health  from  the  toxic  properties  of  DEP  ingestid 
through  water  and  contaminated  aquatic  organisms.  The  criterion  is  based  on  the 
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assumption  that  a  70-kg  adult  ingests  two  liters  of  drinking  water  and  6J  g  of 
contaminated  Osh  daily. 

The  OSHA  8-hr  TWA  for  DLP  is  5  mg/m’  (3539).  The  ACXjIH  (3005)  has 
adopted  a  threshold  limit  value  of  5  mg/m’  (8-hr  TWA)  for  DEP  based  on  its 
essential  nontoxicity. 

293.4  Hazard  .Aacsimrct 

The  acute  toxicity  of  DEP  by  most  routes  of  administration  is  very  low  and  it 
sedms  to  be  devoid  of  major  toxic  effects  with  long-term  exposure.  The  no-effect 
levels  from  subchronic  feeing  studies  were  25  g/xg/day  for  the  rat  and  1.25  g/kg/day 
for  the  iiOg  (2).  Human  data  are  few  but  suggest  no  adverse  effects  associated  with 
DEP  exposure.  Short-term  tests  for  genotoxicity  have  proved  to  be  negative. 
Teratogenic  effects  were  reported  following  intraperitoneal  administration  of  DEP  to 
rats.  There  are  no  data  available  regarding  possible  carcinogenic  activity  of  DEP,  but 
a  study  is  presently  being  conducted  by  the  National  Toxicology  Program. 

Based  on  toe  inadequacy  of  available  data  on  potential  carcinogenic,  mutagenic, 
short-term  and  chronic  toxic  effects  associated  with  exposure  to  DEP,  no  reliable 
assessment  of  hazard  can  be  established  for  humans  exposed  to  DEP. 

29.4  SAMPLING  AND  ANALYSIS  CONSIDERATIONS 

Determination  of  diethyl  phthalate  concentrations  in  soil  and  water  requires 
collection  of  a  representative  field  sample  and  laboratory  analysis.  Care  is  required  to 
prevent  losses  during  sample  collection  and  storage.  Soil  and  water  samples  should 
be  collected  in  glass  containers;  extraction  of  samples  should  be  completed  within  7 
days  of  sampling  and  analysis  completed  within  4C  days.  In  addition  to  the  trapped 
targeted  samples,  quality  control  samples  such  as  Geld  blanks,  duplicates  and  spiked 
matrices  may  be  speciGed  in  the  recommended  methods.  Since  phthalate  esters  are 
commonly  found  in  many  materials  in  the  laboratory,  method  blanks  must  also  be 
analyzed  to  demonstrate  that  the  sample  or  extract  has  not  been  contaminated. 

EP A- approved  procedures  for  the  analysis  of  diethyl  phthalate,  one  of  the  EPA 
priority  pollutants,  in  aqueous  samples  include  EPA  Methods  606,  625  and  1625  (65), 
8060  and  8250  (63).  Prior  to  anaijnis,  samples  are  extracted  with  methylene  chloride 
as  a  solvent  using  a  separatory  funnel  or  a  continuous  liquid-liquid  extractor.  An 
aliquot  the  concentrated  sample  extract  is  injected  onto  a  gas  chromatographic 
(GC)  column  using  a  solvent  flush  technique.  The  GC  column  is  programmed  to 
separate  the  semi-volatile  organics;  diethyl  phthalate  is  then  detected  with  a  flame 
ionization  detector  (Method  806C),  a  mass  spectrometer  (Methods  625,  1625,  and 
8250)  or  an  electron  capture  detector  (Method  606  and  8060). 

The  EPA  procedures  recommended  for  diethyl  phthalate  analysis  in  soil  and 
waste  samples,  Metiiods  8060  and  8250  (63),  differ  from  the  aqueous  procedures 
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either  soxhlet  extraction  or  sonicatioo  methods.  Neat  and  diluted  organic  Uquids  may 
be  analyzed  by  direct  injection. 

Typical  diethyl  phthalate  detection  limits  that  can  be  obtained  in  wastewaters  and 
non-aqueous  samples  (wastes,  soils,  etc.)  are  shown  below.  The  actual  detection  limit 
achieved  in  a  given  analysis  will  vary  with  instrument  sensitivity  and  matrix  effects. 


Aqueous  Detection  Limit 

0.49  Mg/L  (Method  606) 

1.9  /ig/L  (Method  625) 

10  fig/L  (Method  1625) 

0.31  /ig/mL  (Method  8060/FID) 

4.9  (Method  8060/ECD) 

19  (Method  8250) 


Non-Aqueous  De  tection  Limit 

1  fig/g  (Method  8060) 

1  Mg/g  (Methexj  8250) 

21  fig/g  (Method  8060/FID) 
0.3  M^g  (Method  8060/ECD) 
1.3  ng/g  (Method  8250) 
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•  Surface  Tension:  3.4000E-H01 
dyne/cm  (at  20“C) 

(59) 

PHYSICO- 

o  Log  (Octanol-Water  Partition 

Coeff.):  4.57 

(29) 

CHEMICAL 

•  Soil  AdMrp.  Coeff.:  1.79E-H04 

(652) 

DATA 

•  Henry’s  Law  Const.:  4.50E-06 

(Cont.) 

atm  •  m’/mol  (at  25®C) 

(1219) 

•  Bioconc.  Factor:  8.90E-f01  (estim), 
1.80E-f03  (estim) 

(399,659) 

Somewhat  mobile  in  wet  or  saturated  soils  as  chemical  is 

PERSISTENCE 

easily  transported  in  solution  at  low  concentrations. 

IN  THE  SOIL- 

Fairly  immobile  in  dry  soils;  vapor-phase  transport 

WATER 

through  air-filled  pores  of  soil  is  probably  not  significant. 

SYSTEM 

Chemical  is  resistant  to  hydrolysis  and  direct  photolysis, 
but  is  fairly  easily  biodegraded. 

The  primary  pathway  of  concern  from  a  soil-water 
system  is  the  migration  of  di-n-butyl  phthalate  to 

PATHWAYS 

groundwater  drinking  water  supplies,  although  this 

OF 

compound  is  strongly  sorbed  to  soil  and  such  migration 

EXPOSURE 

has  not  been  observed  in  the  past.  Inhalation  resulting 
from  volatilization  from  surface  soils  is  not  expected  to 

be  important. 

HEALTH 

HAZARD 

DATA 


Signs  and  Symptoms  of  Short-term  Human  Exposure: 

m 


Ingestion  of  di-n-butyl  phthalate  may  cause  nausea,  dizzi¬ 
ness,  light  sensitivity  and  watering  and  redness  of  the 
eyes.  Heated  vapors  may  irritate  the  eyes,  nose  and 
throat. 

Acute  Toxicity  Studies:  (3504) 

INHALATION: 

LCy,  7.9  mg/m’  Rat 


ORAL: 

LDm  8000  mg.'Tcg 


SKIN:  LD«  >20,900  mg/kg  Rabbit 
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Long-Term  Effects:  Database  too  incomplete  for 


HEALTH  Genotoxicitv  Data:  Limited  evidence  is  negative 

HAZARD  Carcinogenicity  Classification: 

DATA  lARC-  No  data 

NT?  -  Study  in  progress 
EPA  -  Group  D  (not  classifiable  as  to  human 

carcinogenicity) 


HANDLING 

PRECAUTIONS 

(38) 


Handle  chemical  only  with  adequate  ventilation 
•  Vapor  concentrations  of  5-250  mg/m’:  any  supplied- 
uir  respirator  or  selfcontained  breathing  apparatus  with 
full  facepiece  •  250-9300  mg/m’:  a  type  C  supplied-air 
respirator  with  a  full  facepiece  operated  in  positive- 
pressure  mode  •  Chemical  goggles  if  there  is  proba¬ 
bility  of  eye  contact  with  liquid  •  There  may  also  be  a 
need  for  skin  protection. 


ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS  AND 

CRITERIA 


AIR  EXPOSURE  LIMITS: 

Standards 

•  OSHA  TWA  (8-hr):  5  mg/m’ 

•  AFOSH  PEL  (8-hr  TWA):  5  mg/m’;  STEL  (15-min):  15  mg/m’ 


Criten'a 

•  NIOSH  IDLH  (30-min);  9300  mg/m’ 

•  ACGIH  TLV®  (8-hr  TWA):  5  mg/m’ 


3(M 
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ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS  AND 

CRITERIA  (Cont.) 


WATER  EXPOSURE  LIMITS: 

Prinkin'’  Water  Standards  (3742) 

MCLU:  0  (tentative) 

EPA  Health  Advisories  and  Cancer  Risk  Levek 
None  established 

WHO  Drinking  Water  Guideline 
No  information  available. 

EPA  Ambient  Water  Quality  Criteria 
•  Human  Health  (3770) 

-  Based  on  ingestion  of  contaminated  water  and  aquatic  organisms,  34 
mg/L. 

-  Based  on  ingestion  of  contaminated  aquatic  organisms  only,  154  mg/L. 

-  Based  on  ingestion  of  contaminated  water  only,  44  mg/L 


•  Aquatic  Life  (3770) 

-  Freshwater  species 
acute  toxicity: 

no  criterion,  but  lowest  effect  level  occurs  at  940  ngfL  phthalate  esters, 
chronic  toxicity; 

no  criterion,  but  lowest  effect  level  occurs  at  3  ngfL  phthalate  esters. 

•  Saltwater  species 
acute  toxicity; 

no  criterion,  but  lowest  effect  level  occurs  at  2944  ngfL  phthalate 
esters. 

chronic  toxicity: 

no  criterion  established  due  to  insufficient  data. 


REFERENCE  DOSES:  (3744) 
ORAL:  l.OOOE+02  ^g/kg/day 
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REGULATORY  STATUS  (as  of  Ol-MAR-89) 

Promuli^ated  Regulations 

•  Federal  Programs 

Qean  Water  Act  (CWA) 

Di-n-butyl  phthalate  is  designated  a  hazardous  substance.  It  has  a 
repwrtable  quantity  (RQ)  limit  of  4.54  kg  (347,  3764).  It  is  also  listed 
as  a  toxic  pollutant,  subject  to  general  pretreatment  regulations  for 
new  and  existing  sources,  and  effluent  standards  and  guidelines  (351, 
3763).  Effluent  limitations  specific  to  this  chemical  have  been  set  in 
the  follovnng  point  source  categories:  electroplating  (3767),  organic 
chemicals,  plastics,  and  synthetic  fibers  (3777),  steam  electric  power 
generating  (3802),  metal  finishing  (3768),  and  metal  molding  and 
casting  (892).  Limitations  vary  depending  on  the  type  of  plant  and 
industry. 

Safe  Prinking  Water  Act  (SDWA) 

Phthalates  are  on  the  list  of  83  contaminants  required  to  be  regulated 
under  the  SDWA  of  1974  as  amended  in  1986  (3781).  In  states  with 
an  approved  Underground  Injection  Control  program,  a  permit  is 
required  for  the  injection  of  di-n-butyl  phthalate-containing  wastes 
designated  as  hazardous  under  RCRA  (295). 

Resource  Conservation  and  Recovery  Act  (RCRA) 

Di-n-butyl  phthalate  is  identified  as  a  toxic  hazardous  waste  (U069) 
and  listed  as  a  hazardous  waste  constituent  (3783,  3784). 

Wastestreams  from  the  production  of  phthallic  anhydride  from 
naphthalene,  and  the  petroleum  refining  industry  are  listed  as  specific 
sources  of  phthallic  acid-containing  hazardous  waste  (3774,  3765). 
Di-n-butyl  phthalate  is  subject  to  land  disposal  restrictions  when  its 
concentration  as  a  hazardous  constituent  of  certain  wastewaters  exceeds 
designated  levels  (3785).  Effective  November  8,  1988,  the  land 
disposal  of  certain  untreated  di-n-butyl  phthalate-containing  untreated 
hazardous  wastes  is  prohibited.  These  wastes  must  be  treated 
according  to  Best  Demonstrated  Available  Technology  (BDAT) 
treatment  standards  before  being  disposed.  Certain  variances  exist 
until  May,  1990  for  other  wastes  for  which  BDAT  treatment  standards 
have  not  been  promulgated  by  EPA  (3786).  Di-n-butyl  phthalate  is 
included  on  EPA’s  ground-water  monitoring  list.  EPA  requires  that  all 
hazardous  waste  treatment,  storage,  and  disposal  facilities  monitor  their 
ground-water  for  chemicals  on  this  list  when  suspected  contamination  is 
first  detected  and  annually  thereafter  (3775). 
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Toxic  Substances  Control  Act  (TSCA) 

Manufacturers,  processors  or  distributors  of  di-n-butyl  phthalate  must 
report  production,  usage  and  disposal  information  to  EPA  They,  as 
well  as  others  who  possess  health  and  safety  studies  on  di-n-butyl 
phthalate,  must  submit  them  to  EPA  (334,3789).  Under  TSCA  Section 
4,  EPA  is  requiring  certain  selected  manufacturers  and  processors  of 
di-n-butyl  phthalate  to  perform  environmental  effects  and  chemical  fate 
tests  on  their  products  (3201). 

Comprehensive  Ensironmehtal  Response.  Compensation  and  Liability 
Act  (CERCLA) 

Di-n-butyl  phthalate  is  designated  a  hazardous  substance  under 
CERCLA.  It  has  a  reportable  quantity  (RQ)  limit  of  4.54  kg. 
Reportable  quantities  have  also  been  issued  for  RCRA  hazardous 
waste  streams  containing  di-n-butyl  phthalate,  but  these  depend  upon 
the  concentrations  of  the  chemical  in  the  waste  stream  (3766).  Under 
SARA  Title  III  Section  313,  manufacturers,  processois,  importers,  and 
users  of  di-n-butyl  phthalate  must  report  annually  to  EPA  and  state 
officials  their  releases  of  this  chemical  to  the  environment  (3787). 

Marine  Protection  Research  and  Sanctuaries  Act  (MPRSA) 

Ocean  dumping  of  organohalogen  compounds  as  well  as  the  dumping 
of  known  or  suspected  carcinogens,  mutagens  or  teratogens  is 
prohibited  except  when  they  are  present  as  trace  contaminants.  Permit 
applicants  are  exempt  from  these  regulations  if  they  can  demonstrate 
that  such  chemical  constituents  are  non-toxic  and  non-bioaccumulative 
in  the  marine  environment  or  are  rapidly  rendered  harmless  by 
physical,  chemical  or  biological  process^  in  the  sea  (309). 

Occupational  SafeU’  and  Health  Act  (OSHA) 

Employee  exposure  to  di-n-butyl  phthalate  in  any  8-hour  work-shift  of 
a  40-hour  work-week  shall  not  exceed  an  8-hour  time-weighted  average 
(TWA)  of  5  mg/m’  (3539). 

Hazardous  Materials  Transportation  Act  (HMTA) 

The  Department  of  Transportation  has  designated  di-n-butyi  phthalate 
as  a  hazardous  material  with  a  reportable  quantity  of  4.54  kg,  subject 
to  requirements  for  packaging,  labeling  and  transportation  (3180). 

Food.  Drug  and  Cosmetic  Act  (FDCA) 

Di-n-butyl  phthalate  is  approved  for  use  as  an  indirect  food  additive  as 
a  component  of  adhesives  (3209). 
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•  State  Water  Programs 

AU.$TATE^ 

All  states  have  adopted  EPA  Ambient  Water  Quality  Criteria  and 
NPDWRs  (see  Water  Exposure  Limits  section)  as  their  promulgated 
state  regulations,  either  fay  narrative  reference  or  by  relisting  the 
sp>ecinc  numeric  criteria.  These  states  have  promulgated  additional  or 
more  stringent  criteria: 

KA£JSAS 

Kansas  has  an  action  level  of  770  fig/L  for  ground-water  (3213). 

NEW  YORK 

New  York  has  an  MCL  of  50  fig/L  for  di-n-butyl  phthalate  in  drinking 
water,  a  water  quality  standard  of  770  fig/L  for  ground-water,  and  a 
nonenforceable  ambient  water  quality  guideline  of  SO  fig/L  for  surface 
water  (3501). 

SOUTH  DAKOTA 

South  Dakota  requires  phthalates  to  be  nondetectable,  using  designated 
test  methods,  in  ground-water  (3671). 

WISCONSIN 

Wisconsin  has  set  a  human  threshold  criterion  of  13  mg/L  for  public 
water  supply  cold  surface  waters  and  23  mg/L  for  warm  sport  Oshing 
surface  waters  (3842). 


Proposed  Regulations 

•  Federal  Programs 

Safe  Drinking  Water  Act  (SDWAj 

EPA  will  propose  MCLs,  MCLGs,  and  monitoring  requirements  for 
phthalates  in  March,  1990,  with  final  promulgation  scheduled  for 
March,  1991  (3751). 

•  State  Water  Programs 

ALL  STATES 

No  proposed  regulations  are  pending. 

MOST  STATES 

Most  states  are  in  the  process  of  revising  their  water  programs  and 
proposing  changes  to  their  regulations  which  will  follow  EPA’s  changes 
when  they  become  final.  Contact  with  the  state  officers  is  advised. 
Changes  are  projected  for  1989-90  (3683). 
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Directive  on  Ground-Water  (538) 

Direct  discharge  into  ground-water  (i.e.,  without  percolation  through 
the  ground  or  subsoil)  of  organohalogen  compounds  and  substances 
which  may  form  such  compounds  in  the  aquatic  environment, 
substances  which  possess  carcinogenic,  mutagenic  or  teratogenic 
properties  in  or  via  the  aquatic  environment,  and  mineral  oils  and 
hydrocarbons  is  prohibited.  Appropriate  measures  deemed  necessary  to 
prevent  indirect  discharge  into  ground-water  (i.e.,  via  percolation 
through  ground  or  subsoil)  of  these  substances  shall  be  taken  by 
member  countries. 

Directive  on  Toxic  and  Dangerous  Wastes  (542) 

Any  installation,  establishment,  or  undertaking  which  produces,  holds 
and/or  disposes  of  certain  toxic  and  dangerous  wastes  including  phenols 
and  phenol  compounds;  organic-halogen  compounds,  excluding  inert 
polymeric  materials  and  other  substances  referred  to  in  this  list  or 
covered  by  other  Directives  concerning  the  disposal  of  toxic  and 
dangerous  waste;  chlorinated  solvents;  organic  solvents;  biocides  and 
phyto-pharmaceutical  substances;  ethers  and  aromatic  polycyclic 
compounds  (with  carcinogenic  effects)  shall  keep  a  record  of  the 
quantity,  nature,  physical  and  chemical  characteristics  and  origin  of 
such  waste,  and  of  the  methods  and  sites  used  for  disposing  of  such 
waste. 


EC  Directives  -  Proposed 


Resolution  on  a  Revised  List  of  Second-Category  Pollutants  (545) 
Di-n-butyl  phthalate  is  one  of  the  second-category  pollutants  to  be 
studied  by  the  Commission  in  the  programme  of  action  of  the 
European  Communities  on  Em/ironment  in  order  to  reduce  pollution 
and  nuisances  in  the  air  and  water.  Risk  to  human  health  and  the 
environment,  limits  of  pollutant  levels  in  the  environment,  and 
determination  of  quality  standards  to  be  applied  wiil  be  assessed. 
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3ai  MAJOR  USES 

Di-D-butyl  phthal?te  (DBP)  is  primarily  used  as  a  plasticizer  for  epoxy  resins  and 
polyvinyl  chloride  (PVC).  Its  use  in  PVC  applications  is  limited,  however,  due  to  its 
hij^  volatility  at  typical  processing  temperatures.  It  has  been  used  in  plastisol 
formulations  for  carpet-back  coating  and  other  specialized  vinyl  compounds.  Other 
applications  of  DBP  include  use  as  an  adjusting  agent  for  lead  chromate  pigments; 
use  as  a  concrete  additive;  use  in  polyvinyl  acetate  emulsions,  use  as  an  insect 
rcj>ellent  (403),  and  use  in  cosmetics  (3032). 


30.2  ENVIRONMENTAL  FATE  AND  EXPOSURE  PATHWAYS 

30.2.1  Transport  in  SoQ/Grouod-watcr  Systems 

30.2.1.1  Overview 

Di-n-butyl  phthalate  may  move  through  the  soil/ground-water  system  when 
present  at  low  concentrations  (dissolved  in  water  and  sorbed  on  soil)  or  as  a  separate 
organic  phase  (resulting  from  a  spill  of  significant  quantities  of  the  chemical).  In 
general,  transport  pathways  can  be  assessed  with  the  use  of  an  equilibrium  partition¬ 
ing  model  as  shown  in  Table  30-1.  These  calculations  predict  the  partitioning  of  low 
soil  concentrations  of  DBP  among  soil  particles,  soil  water  and  soil  air.  The  portions 
of  DBP  associated  with  the  water  and  air  phases  of  the  soil  are  more  mobile  than  the 
adsorbed  portion. 

The  estimates  for  the  unsaturated  topsoil  model  indicate  that  essentially  all  of 
the  chemical  (99.919c)  would  be  sorbed  on  the  soil;  a  relatively  small  amount  (0.03‘jr) 
of  the  chemical  will  be  present  in  the  soil-water  phase  and  can  thus  migrate  by  bulk 
transport  (e.g.,  the  downward  movement  of  infiltrating  water),  dispersion  and 
diffusion.  For  the  very  small  portion  of  DBP  in  the  gaseous  phase  of  the  soil  (2E-05 
%),  diffusion  through  the  soil-air  pores  up  to  the  ground  surface,  and  subsequent 
removal  by  wind,  is  possible. 

In  saturated,  deep  soils  (containing  no  soil  air  and  negligible  soil  organic  carbon), 
a  higher  fraction  of  the  DBP  (1.3%)  is  likely  to  be  pre.sent  in  the  soil-water  phase 
(Table  30-1)  and  transported  with  flowing  ground  water.  Ground  water  underlying 
DBP-contaminated  soils  with  low  organic  content  is  thus  vulnerable  to  contamination 
by  the  chemical. 

Additional  information  on  DBP  is  available  in  the  thorough  review  by  Giam  et 
al.  (768). 
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TABLE  30-1 

EQUILIBRIUM  PARTITIONING  CALCULATIONS  FOR  DI-N-BUTYX 
PHTHALATE  IN  MODEL  ENVIRONMENTS* 


Soil  Estimated  Percent  of  Total  Mass  of  Chemical  in  Each  Compartment 

Environment _ Soi] _ Soil-Water _ Soil-Air 


Unsaturated 

topsoil 
at  25’’e‘ 

99.97 

0.03 

0.00002 

Saturated 

deep  soiP 

98.7 

U 

• 

a)  Calculations  based  on  Mackay’s  equilibrium  partitioning  model  (34,  35,  36);  sec 
Introduction  for  description  of  model  and  environmental  conditions  chosen  to 
represent  an  unsaturated  topsoil  and  saturated  deep  soil.  Calculated  percentages 
should  be  considered  as  rough  estimates  and  used  only  for  general  guidance. 

b)  Utilized  estimated  soil  sorption  coefficient:  K_  =  17,900  (Estimated  by  Arthur  D. 
Little,  Inc.) 

c)  Henry’s  law  constant  taken  as  4.5E-06  atm  •  mVmol  at  25‘‘C  (Estimated  by  Arthur 
D.  Little,  Inc.) 

d)  Used  sorption  coefficient  calculated  as  a  function  of  assuming  0.1%  organic 
carbon:  I^  =  0.001  x 


30JL1JI  Sorption  on  SoQs 

The  mobility  of  DBP  in  the  soil/ground-water  system  (and  its  eventual  migration 
into  aquifers)  is  strongly  affected  by  the  extent  of  its  sorption  on  soil  particles.  In 
general,  sorption  on  soils  is  expected  to: 

-  increase  with  increasing  soil  organic  matter  content  (except  that 

complexation  with  humic  or  fulvic  acids  may  decrease  the  extent  of 
sorption); 

increase  slightly  with  decreasing  temperatures; 

increase  moderately  with  increasing  salinity  of  the  soil  water  (701);  and 
decrease  moderately  with  increasing  dissolved  organic  matter  content  of 
the  soil  water. 

Based  upon  its  octanol-water  partition  coefficient  of  37,200,  the  soil  sorption 
coefficient  (K„)  is  estimated  to  be  17,900.  This  is  a  relatively  high  number  indicative 
of  strong  sorption  to  soils.  Sullivan  et  al.  (701)  studied  the  sorption  of  DBP  from 
seawater  onto  montmorillonite  and  sediments  from  the  Gulf  of  Mexico.  Sorption 
constants  [K,  (ng  DBP  sorbed/mg  sorbent)  -  (ng  DBP  in  solutiom'mL  water)]  for  the 
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adsorption  process  ranged  from  K=0.004  to  0.044  for  the  mineral  sorbents  and  was 
0.149  for  the  sediment  Some  hysteresis  was  apparent  in  the  desorption  process. 

According  to  reports  by  Autian  (765),  Ogner  and  Schnitzer  (766)  and  Matsuda 
and  Schnitzer  (767),  phthalate  esters  readily  complex  with  natural  organic  substances 
(e.g.,  fulvic  acid)  to  form  complexes  which  are  very  soluble  in  water.  Thus,  sorption 
to  soils  may  be  significantly  weaker  than  might  be  expected  based  upon  the 
information  given  above. 

30.2.13  Volatilization  from  SoOs 

Transport  of  DBP  vapors  through  the  air-filled  pores  of  unsaturated  soils  is  not 
expected  to  be  an  important  transport  mechanism  except  for  near-surface  dry  soils. 
The  very  low  value  of  Henry’s  law  constant  for  DBP  (4.5E-06  atm  •  mVmol  at  25°C) 
implies  that,  when  water  is  present,  liearly  all  the  DBP  will  be  in  the  water  or  soil 
compartments  (see  Table  30-1). 

3033  Transformation  Processes  in  Soil/Ground-water  Systems 

The  persistence  of  DBP  in  soil/ground-water  systems  is  not  well  documented.  In 
most  cases,  it  should  be  assumed  that  DBP  will  persist  for  months  to  years  (or  more). 
DBP  that  has  been  released  into  the  air,  or  that  enters  s:urface  waters  with  significant 
sunlight  exposure,  is  not  expected  to  be  degraded  by  direct  photolysis.  Resistance  to 
direct  photolysis  would  be  expected  based  upon  DBP’s  ultraviolet  absorption  spectrum 
which  shows  no  absorbance  above  300  nm  (657). 

DBP  under  normal  environmental  conditions  is  not  expected  to  undergo  rapid 
hydrolysis.  Wolfe  et  al.  (705)  measured  the  second-order,  alkaline,  hydrolysis  rate 
constant  (ko^)  for  several  phthalates,  including  DBP,  at  30®C.  Phthalate 
concentrations  were  always  less  than  E-05  M.  The  reported  ko„  value  for  DBP  wa.<i 
1.0  (-f  0.05)E-02/M/sec.  A  first-order  hydrolysis  rate  constant  (k)  can  be  calculated 
from  this  at  any  pH,  from  the  following  equation: 

k(sec')  =  lE-02  [OH] 

Mvhere  [OH]  is  the  molar  concentration  of  the  OH  ion.  At  pH  »  7,  [OH]  =  E-07 
and  k  =  E-09/sec.  Under  these  conditions  (i.e.,  30®C,  pH  7)  the  hydrolysis  half-life  is 
22  years.  A  20“C  drop  in  temperature  (to  a  more  typical  ground-water  temperature 
of  10*C)  would  increase  the  hydrolysis  half-life  by  about  a  factor  of  5,  i.e.,  to  110 
years. 

DBP  has  been  shown  to  be  fairly  easily  biodegradable  in  sev^'a!  studies.  Many 
of  these  studies  are  summarized  in  the  reviews  given  by  Overcash  et  al.  (524).  The 
data  show  that  there  are  a  number  of  microorganisms  capable  of  using  DBP  as  the 
sole  source  of  carbon,  and  that  ultimate  degradation  is  possible.  The  studies  also 
document  significant  degradation  in  tests  with  DBP  added  to  soils  at  fairly  high 
concentrations  (up  to  1%  by  weight).  More  recent  tests  have  also  documented  the 
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eictent  of  DBP  biodegradability.  Shake-flask,  activated-sludge  type  tests  by  Sugatt  et 
aL  (678),  O'Grady  et  al.  (763)  and  Tabak  et  al.  (55)  have  sho^  that  DBP  would  be 
easily  degraded  in  active  mixed  cultures  (and  thus  in  sewage  treatment  plants). 

Tabak  et  al.  (55)  characterized  DBP  as  undergoing  "signiflcant  degradation  [with] 
rapid  adaptation.” 

Tests  simulating  more  natural  environments  have  been  conducted  by  Walker  et 
al.  (674)  and  Inman  et  al,  (706).  The  studies  by  Walker  et  al.  (674)  showed  DBP 
disappearance  was  rapid  in  microbiologically  active  systems  using  water  and  sediment 
samples  from  six  Gulf  Coast  sites.  Lag  times  before  adaptation  were  quite  variable 
and  site  specific.  Tlie  researchers  also  noticed  some  degree  of  sediment-enhanced 
abiotic  degradation  of  DBP  which  may,  they  speculate,  related  to  the  presence  Of 
active  microbial  enzymes  that  remain  after  the  formalin-sterilization  process  used  on 
the  sediment  samples.  The  tests  by  Inman  et  al.  (706)  investigated  the  effects  of  soil 
pH,  temperature  and  other  soil  properties  on  the  degradation  of  DBP  in  soils.  They 
concluded  that  DBP  should  not  persist  in  the  majority  of  soils  (studied)  for  more 
than  100  days. 

The  ejects  of  temperature  and  other  variables  on  DBP  biodegiadation  in 
sediments  has  also  been  reported  by  Thomas  et  al.  (416);  in  general,  they  found  the 
chemical  to  be  readily  degraded  (e.g.,  nearly  85%  in  14  days  at  22*C). 

Wolfe  et  al.  (705)  report  a  second-order  microbial  degradation  rate  constant  for 
DBP  of  about  4E-11  L/org/hr  based  on  tests  with  natural  water  samples. 

Anaerobic  biodegradation  of  DBP  appears  possible  based  upon  anaerobic 
metabolic  studies  conducted  with  Pseudomonas  pseudocaligenes  (768)  and  by  the 
finding  of  significant  DBP  degradation  in  submerged  (presumably  anaerobic)  soils  by 
Inman  et  al.  (706). 

In  most  soil/ground-water  systems,  however,  the  concentration  of  microorganisms 
capable  of  biodegrading  chemicals  such  as  DBP  may  be  low  and  would  drop  off 
sharply  with  increasing  depth.  Thus,  biodegradation  in  the  soil/ground-water  system 
should  be  assumed  to  be  of  minimal  importance  except,  perhaps,  in  near-surface  soils 
and  in  landfills  with  active  microbiological  populations. 

30.23  Primary  Routes  of  Exposure  from  SoilGrouod-water  Systems 

The  above  discussion  of  fate  pathways  suggests  that  di-n-butyl  phthalate  has  a 
very  low  volatility,  is  strongly  adsorbed  to  soil  and  has  a  high  potential  for 
bioaccumulation.  Therefore,  the  volatilization  of  this  compound  from  surface  soil  is 
not  likely  to  result  in  a  primary  route  of  exposure.  In  addition,  its  strong  adsorption 
to  soil  suggests  that  it  will  not  be  particularly  mobile  in  ground  water.  As  partial 
evidence  of  this  lack  of  mobility,  it  was  not  detected  in  ground  water,  surface  water 
or  air  associated  with  the  546  National  Priority  Test  (NPL)  sites  (83). 
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Tbe  strong  adsorption  of  this  compxjund  to  soil  suggests  that  it  may  reach  surface 
waters  via  runoff  in  some  situations.  The  presence  of  this  compound  in  surface 
waters  suggests  several  other  exposure  pathways; 

•  Surface  waters  may  be  used  as  drinldng  water  supplies,  resulting  in  direct 
ingestion  exposures; 

•  Aquatic  organisms  residing  in  these  waters  may  be  consumed,  also 
resulting  in  ingestion  exposures; 

•  Recreational  use  of  these  waters  may  result  in  dermal  exposures; 

•  Domestic  animals  may  consume  or  be  dermally  exposed  to  contaminated 
ground  or  surface  waters;  the  consumption  of  meats  and  poultry  could 
then  result  in  ingestion  exposures. 

Of  these,  the  indirect  pathways  (particularly  aquatic  organisms)  are  likely  to  be 
the  most  significant  exposure  pathways.  DBP  reaching  surface  waters  is  likely  to  be 
found  in  the  sediment,  rather  than  the  water  column.  Therefore,  direct  ingestion  of 
surface  water  may  not  result  in  as  significant  a  source  of  exposure  as  ingestion  of 
aquatic  organisms,  given  the  high  BCF  of  this  compouiid. 

3QL2.4  Other  Sources  of  Exposure 

There  are  little  data  regarding  other  sources  of  exposure  to  DBP.  It  was 
detected  in  6  wc ter  supplies  out  of  ten  cities  tested  at  levels  of  O.OI  to  5.0  uglL.  In 
addition,  it  is  used  in  the  formulation  of  sorhe  products  that  contact  the  consumer, 
and  dermal  or  inhalation  exposures  may  result  from  these  uses. 


30J  HUMAN  HEALTH  (XINSIDERATIONS 

303.1  Animal  Studies 

303.1.1  Carcitx}genidty 

No  carcinogenicity  data  are  available  for  DBP. 

303.13  Geixstoxidty 

Dibutyl  phthalate  has  produced  negative  results  in  all  Salmonella  studies  in  which 
it  has  been  tested.  If  it  was  positive  without  metabolic  activation,  it  was  rendered 
negative  in  the  presence  of  an  exogenous  activation  system  (400,  407,  3861,  3009, 
3508,  3642).  Negative  results  were  also  observed  in  a  yeast  assay  in  which  3  different 
loci  were  not  induced  to  revert  (3636).  A  slight  increase  in  chromosomal  aberrations 
was  noted  in  Qiinese  hamster  cells  exposed  in  culture  to  0.03  mg,'mL  DBP  for  24 
hours  (406),  but  the  authors  called  this  result  "suspicious"  (3330).  Human  leukocytes 
treated  with  0.03  Mg/ntL  for  8  hrs  in  culture  showed  no  increase  in  chromosomal 
aberrations  above  controls. 
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There  are  conflicting  reports  on  the  effects  of  DBP  and  sister  chromatid 
exchanges  in  Qtinese  hamster  cells  in  culture.  One  report  (3004)  claims  positive 
results  with  no  dose  response  and  the  other  (3351)  claims  negative  results. 

303.U  Teratogenicity,  Embryotoxidty  and  Reproductive  Efiects 

DBP  causes  increased  embryo  mortality,  decreased  birth  weight,  and  teratogenic 
effects  in  rats  and  mice.  In  groups  of  pregnant  Sprague-Dawley  rats  that  were 
injected  intraperitoneally  with  0.305,  0.610  or  1.017  mlTkg  on  days  5,  10  and  15  of 
gestation,  fetal  weights  were  significantly  reduced  in  all  treatment  groups.  The 
number  of  resorptions  was  increased  at  all  dosage  levels  but  was  particularly 
significant  at  the  1.017  mL/lcg  level.  Skeletal  abnormalities  were  observed  in  30  to 
50%  of  the  fetuses  and  were  dose-related.  Elongated  or  fused  nbs  and  incomplete  or 
missing  skull  bones  were  the  most  prominent  skeletal  abnormalities  (401).  Holtzman 
rats  were  gavaged  on  days  1-8  of  pregnancy  with  500,  1000,  or  2000  mg/kg/day  of 
DBP  in  a  study  designed  to  investigate  the  effect  of  DBP  on  implantation  and  to 
differentiate  between  maternal  toxicity  and  embryotoxicity  (3146).  On  gestational  day 
9,  no  effects  on  the  number  of  implantation  sites  or  on  pregnant  uterine  weights 
were  observed. 

When  ICR  mice  were  fed  a  diet  containing  1%  DBP  (equivalent  to  2100 
mg/kg/day)  throughout  gestation,  maternal  weight  gain  was  significantly  suppressed 
(due  to  the  increase  in  early  resorptions)  and  98.4%  of  the  fetuses  were  either 
resorbed  or  were  dead  (3648).  Of  the  three  fetuses  which  survived  to  term,  two  were 
malformed  showing  exencephaly.  Groups  of  mice  in  this  study  were  also  administered 
0.05,  0.1,  0,2,  and  0.4%  DBP  (equivalent  to  80,  180,  370,  and  660  mg/kg/day)  without 
the  occurrence  of  statistically  significant  effects.  An  increased  incidence  of  extra 
lumbar  ribs  was  observed  at  these  doses.  Hamano  et  al.  (3262)  found  that  a  level  of 
0.5%  in  the  diet  during  gestation  resulted  in  teratogenic  effects  in  JCLiICR  mice, 
predominantly  spina  bifida,  encephalocoele,  and  open  eye.  The  number  of  live 
offspring  was  also  reduced  (9.6/mouse)  compared  to  controls  (around  12/mouse). 

When  Hardin  et  ai.  (3271)  exposed  CD-I  mice  to  2,500  mg/kg/day  of  DBP  by  gavage 
on  days  6-13  of  gestation  no  viable  litters  were  produced.  Maternal  mortality  was 
10%  at  this  exposure  level.  Lamb  et  al.  (3387)  exposed  both  male  and  female  mice 
to  0.03%,  0.3%,  or  1.0%  of  DBP  in  their  diet  for  7  days  prior  to  and  during  a  98  day 
cohabitation  period.  The  high  dose  resulted  in  a  reduction  in  the  number  of  litters, 
live  pups  per  litter,  and  the  live  pup  weights.  These  fetotoxic  effects  were  not 
observed  at  the  lower  dose  levels.  A  crossover  mating  trial  demonstrated  that  female 
mice,  but  not  males,  were  affected  by  the  1%  DBP  diet.  Oral  administration  of 
2000  mg/kg/day  of  DBP  in  com  oil  to  young  male  rats  for  4  days  resulted  in  testicular 
injury  and  a  30-40%  decrease  in  the  weight  of  the  testes.  Urinary  zinc  excretion 
increased  while  testicular  zinc  levels  were  significantly  decreased.  The  weights  of  the 
liver  and  kidneys  were  not  affected  (411). 

Marked  species  differences  in  sensitivity  to  testicular  toxicity  of  DBP  was  noted 
by  Gray  et  al.  (431).  Oral  administration  of  2000  mg/kg  bw  DBP  for  9  days  to  rats, 
mice  and  hamsters  and  for  7  da/  to  guinea  pigs  produced  uniformly  severe 
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seminiferous  tubular  atrophy  in  rats  and  guinea  pigs,  only  focal  atrophy  in  mice  and 
no  testicular  changes  in  hamsters  (431). 

303.1.4  Other  Todcoiogic  Effects 

303.1.4.1  Short-term  Toxidty 

Increased  mortality  and  significant  enlargement  of  the  liver  and  spleen  were 
reported  in  rats  fed  1  or  5  mLAg/day  for  3  weeks  (410).  Murakami  et  al.  (3475) 
administered  DBP  in  the  diets  of  male  Wistar  rats  (five/group)  at  a  level  of  0.5  or 
5%  ( ~250  and  2500  mg/kg)  for  34  to  36  days.  A  dose  response  was  noted  for  the 
following;  growth  depression,  liver  enlargement,  testicular  atrophy,  decreased  activities 
of  succinate  and  pyruvate  dehydrogenases  in  liver  mitochondria,  and  abnormal 
changes  in  biochemical  tests  of  serum  and  in  histological  examinations  of  the  liver 
and  testic'es.  In  a  study  in  which  ddY  male  and  female  mice  (unspecified  numbers) 
were  fed  diets  containing  0.25  or  2J%  DBP  (~325  and  3250  mg/kg)  for  2  weeks, 
centrilobular  necrosis  and  degeneration  with  distention  of  the  capsule  and 
proliferation  of  the  bile  ducts  was  seen  in  the  liver  (3543,  3542).  The  kidneys  of  high 
dose  animals  were  increased  in  weight  and  had  cysts  which  were  present  throughout 
the  organ  leading  to  atrophy  of  the  tubules. 

A  single  intradermal  injection  of  0.2  mL  of  a  100  mg/mL  emulsion  of  DBP  in 
3%  acacia  produced  a  moderate  inflammatcry  response  in  rabbits  (292);  injection  of 
0.2  mL  undiluted  DBP  produced  no  inflammation.  Installation  of  0.1  mL  into  the 
rabbit  eye  did  not  produce  any  observable  dc^ee  of  irritation  (404), 

For  further  information  the  reader  is  referred  to  a  comprehensive  review  of  the 
toxicity  of  phthalate  esters  (3849). 

30J.1.4.2  Chronic  Toxicity 

No  adverse  effects  were  reported  in  rats  administered  260  or  520  mg/kg  DBP 
intravenously  twice  weekly  for  52  weeks  (412).  Similarly,  rats  maintained  for  3 
generations  on  diets  containing  300  or  500  mg/kg/day  or  for  5  generations  on  diets 
containing  100  mg/kg/day  experienced  no  adverse  effects  (414).  Smith  (3663)  found 
no  effects  in  rats  fed  diets  containing  up  to  0.25%  DBP  for  1  year,  but  when  the 
dose  was  increased  to  1.25%,  50%  of  the  animals  died  during  the  first  week  of  the 
study.  Liver  and  kidney  le.'iions  were  observed  in  mice  receiving  oral  doses  of  0.5  and 
5.0  g/kg/day  for  1  to  3  months  (413). 

303J  Human  and  Epidemiologic  SUidies 

30J.Z1  Short-term  Toxicologic  Effects 

Only  1  case  of  human  exposure  is  reported  in  the  literature.  It  involved  the 
accidental  ingestion  of  10  g  DBP  (-140  mg/kg).  Symptoms,  delayed  by  several 
hours,  included  nausea,  vomiting  and  dizziness,  followed  later  by  headache,  ,)ain  and 


30-16 


DI-N-Birm.  PHTHALATE 


irritation  in  the  eyes,  lacrimation,  photophobia  and  conjunctivitis.  There  was  also 
some  renal  involvement.  Recovery  was  complete  within  2  weeks.  It  was  concluded 
that  the  symptoms  most  likely  resulted  from  the  hydrolysis  products  of  DBP  (415). 

Skepticism,  however,  has  been  expressed  whether  one  could  actually  drink  DBP 
by  mistake  without  immediate  revulsion,  because  its  taste  is  so  strong  and  bitter  (19). 

Eye  contact  has  caused  immediate,  severe,  stinging  pain  but  no  appreciable 
damage  (19).  Heated  vapors  may  be  irritating  to  the  eyes,  nose  and  throat.  It  is 
relatively  non-irritating  to  the  skin  (38). 

303.2.2  Chronic  Taadcologjc  Effects 

No  data  are  available  regarding  the  eH'ects  of  long-term  exposure  to  DBP. 

3033  Levels  of  Concern 

An  Oral  Reference  Dose  of  100  /ig/kg/day  has  been  proposed  for  DBP  by  the 
USEPA  (3744).  The  ambient  water  quality  criterion  established  for  DBP  by  the 
USEPA  for  the  maximum  protection  of  human  health  is  34  mg/L  (37TO),  and  is  based 
on  the  assumption  that  a  70-kg  adult  ingests  two  liters  of  drinking  water  and  6.5  g  of 
contaminated  Hsh  daily. 

Both  OSHA  (3539)  and  the  ACGIH  (3005)  have  set  a  TVr’A  exposure  limit  of  5 
mg/m^  averaged  over  an  8-hour  work-shift. 

3C3.4  Hazard  Assessment 

DBP  has  a  low  order  of  acute  toxicity  in  experimental  animals.  Human  ingestion 
of  10  g  of  DBP  was  reported  to  have  produced  nausea,  dizziness,  lacrimation,  light 
sensitivity  and  conjunctivitis;  recovery  was  prompt  and  uneventful.  No  long-term 
human  exposure  data  are  available  for  DBP;  however,  it  has  been  extensively  used  as 
an  insect  repellant  with  no  apparent  adverse  effects.  Rats  were  maintained  for  five 
generations  on  diets  containing  100  mg/kg/day  of  DBP  without  effect 

No  data  are  available  on  the  carcinogenic  effects  of  DBP  although  a  study  is  in 
progress  by  the  National  Toxicology  Program.  Mutagenicity  studies,  although  limited, 
arc  predominantly  negative,  Intraperitoncal  injection  of  DBP  induced  increased 
embryo  mortality,  decreased  birth  weight  and  terata  in  rats.  Dietary  administration  to 
mice  resulted  in  fetotoxicity  and  teratogenicity.  Oral  intubation  of  2  g  DBP/kg/day 
for  7  to  10  days  produced  testicular  atrophy  of  varying  intensity  in  rats,  mice  and 
guinea  pigs  but  not  in  hamsters.  Additional  data  is  required  to  determine  the 
implications  of  these  findings  to  humans  in  view  of  the  marked  species  differences 
and  the  high  dose  levels  administered. 
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30.4  SAMPLING  AND  ANALYSIS  CONSIDERATIONS 

Determination  of  di-n-butyl  phthalate  concentrations  in  soil  and  water  requires 
collection  of  a  representative  Geld  sample  and  laboratory  analysis.  Care  is  required  to 
prevent  losses  during  sample  collection  and  storage.  Soil  and  water  samples  should 
be  collected  in  glass  containers;  extraction  of  samples  should  be  completed  \/ithin  7 
days  of  sampling  and  analysis  completed  within  40  days.  In  addition  to  the  targeted 
samples,  quality  control  samples  such  as  Geld  blanks,  duplicates,  and  spiked  matrices 
may  be  speciGed  in  the  recommended  methods.  Since  phthalate  esters  are  (ommonly 
found  in  many  materials  in  the  laboratory,  method  blanks  must  also  be  analyzed  to 
demonstrate  that  the  sample  or  extract  has  not  been  contaminated. 

EPA-approved  procedures  for  the  analysis  of  di-n-butyl  phthalate,  one  cf  the 
EPA  priority  pollutants,  in  aqueous  samples  include  EPA  Methods  606,  625,  1625 
(65),  8060  and  8250  (63).  Prior  to  analysis,  samples  are  extracted  with  methylene 
chloride  as  a  solvent  using  a  separatory  funnel  or  a  continuous  liquid-liquid  extractor. 
An  aliquot  of  the  concentrated  sample  extract  (after  solvent  exchanging  the 
methylene  chloride  for  hexane  in  method  606  and  8060/ECD)  is  injected  onto  a  gas 
chromatographic  (GC)  column  using  a  solvent  flush  technique.  The  GC  column  is 
programmed  to  separate  the  semi-volatile  organics;  di-n-butyl  phthalate  is  th^n 
detected  with  a  flame  ionization  detector  (Method  8060),  a  mass  spectrometer 
(Methods  625  1625,  and  8250),  or  an  electron  capture  detector  (Method  606  and 
8060). 

The  EPA  procedures  recommended  for  di-n-butyl  phthalate  analysis  in  soil  and 
waste  samples.  Methods  8060  and  8250  (63),  differ  from  the  aqueous  procedures 
primarily  in  the  preparation  of  the  sample  extract.  Solid  samples  are  extracts  using 
either  soxhlet  extraction  or  sonication  methods.  Neat  and  diluted  organic  liquids  may 
be  analyzed  by  direct  injection. 

Typical  di-n-butyl  phthalate  detection  limits  that  can  be  obtained  in  wastewaters 
and  non-aqueous  samples  (wastes,  soils,  etc.)  are  shown  below.  The  actual  detection 
limit  achieved  in  a  given  analysis  will  vary  with  instrument  sensitivity  and  matrix 
efl'ects. 


jueous  Detection  Limit 


Non-Aaueous  Detection 


0.36  /ig/L  (Method  606) 

2.5  fig/L  (Method  625) 

10  ^g/L  (Method  1625) 

0.14  ng/mL  (Method  8060/nD) 

3.6  Mg  L  (Method  8060/ECD) 
25  Mg/L  (Method  8250) 


1  ng/g  (Method  8060) 

1  fig/g  (Method  8250) 

9.4  ng/g  (Method  8060/nD) 
0.24  Mg/g  (Method  8060/ECD) 
L7  ng/g  (Method  8250) 
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CONfMON 
SYNONYMS; 
l^Benzeoedi- 
carixxnylic  add, 
bii(2-eU]ylba[yl) 
euer 

2'EtbyU]e3iyl- 

pbttaalatc 

DEHP 

I>i(2-etliylbexyl) 
phtbalate 
Di-«ec-octyl- 
phthalate 
Pbthalic  add, 
diodyt  ester 


CAS  REG  NO:  FORMULA: 
117-81-7  C^3/J4 

NIOSH  NO 
TI10350000 


STRUCTURE; 

CH, 

I 

O  .  CH, 

I  I 


AIR  W/V  CONVERSION 
FACTOR  at  25"C  (12) 

15.94  mg/m^s  1  ppm; 
0.0627  ppm  »  1  mg/m’ 


MOLECULAR  WEIGHT: 
39C.54 


REACTIVITY 


Reactions  of  esten  such  as  di(2-ethylhexyl)phthalate  wth 
strong  alkalies,  strong  oxidizers,  or  explosive  materials 
typically  result  in  the  generation  of  heat  and  occasional 
fires  and/or  explosions  (38,  511,  505).  Reactions  with 
hydrazines,  alkali  or  alkaline  earth  metals  or  nitrides 
generally  produce  heat  and  flammable  or  otherwise 
potentially  hazardous  gases  (511). 


•  Physical  State:  Liquid  (at  20*C) 

(23) 

•  Colon  Light-colored 

(23) 

•  Odor:  Odorless 

(23) 

•  Odor  Threshold:  Not  pertinent 

•  Density:  0.9861  g/mL  (at  20*0) 

(23) 

•  Freeze/Melt  Point:  -50.00®C 

(59) 

•  Boiling  Point:  230.00®C  at 

PHYSICO- 

5  mm  Hg 

(12) 

CHEMICAL 

•  Eash  Point:  215.00®C  open  cup 

(59) 

DATA 

•  Eammable  Limits;  030  %  by  volume 

(504) 

•  Autoignition  Temp.:  390.0“C 

(504) 

•  Vapor  Pressure:  2.00E-07 

mm  Hg  (at  20®C) 

(33) 

•  Satd,  Cone,  in  Air;  4.00(X)E-03 

mg/m’  (at  20*C) 

(1219) 
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•  Solubility  in  Water  4.00E-01 

mg/L  (at  lyC) 

(658) 

•  Viscosity;  81.400  cp  (at  20®C) 

(59) 

•  Surface  Tension:  1.5000E-t-Ol 

PHYSICO- 

dyne/cm,  estimation  (at  20°C) 

(59) 

CHEMICAL 

•  Log  (Octanol-Water  Partition 

DATA 

CoefL):  3.98;  5.11 

(29,653) 

(Cont.) 

•  Soil  A^rp.  Coeff.:  6.20E-f-04 

(652) 

•  Henry’s  Law  Const:  2J0E-07 

atm  ■  m’/tecl  (at  20°C) 

(1219) 

•  Bioconc.  Factor:  330E+0? 

(fathead  minnow),  6.20E-I-03  (estim) 

(399,659) 

PERSISTENCE 

Relatively  immobile  due  to  strong  soil  sorption,  low 

IN  THE  SOIL- 

water  solubility  and  low  vapor  pressure.  Chemical  is 

WATER 

resistant  to  hydrolysis  and  direct  photolysis,  but  is  subject 

SYSTEM 

to  (slow)  biodegradation  under  favorable  conditioas. 

PATHWAYS 

OF 

EXPOSURE 


The  primary  pathway  of  concern  from  a  soil-water 
system  is  the  migration  of  DEHP  to  groundwater  drink¬ 
ing  water  supplies.  This  is  not  expected  to  be  prevalent 
due  to  the  a(torptive  nature  of  DEHP.  The  high  pot¬ 
ential  for  DEHP  to  bioaccumulate  suggests  that  path¬ 
ways  involving  the  contamination  of  aquatic  organisms  or 
domestic  animals  could  also  be  of  prime  importance. 


Si.'^  and  Symptoms  of  Short-term  Human  Exposure: 

HEALTH 

HAZARD 

DEH?  will  cause  irritation  of  the  eyes,  nose,  throat. 

DATA 

Inhalation  or  ingestion  will  cause  gastrointestinal  effects. 
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1 

Acute  Toxidtv  Studies: 

INHALATION: 

LC«  30000  mg/m’ 

Unspecified  Mammal  (51) 

ORAL: 

LDj*  31000  mg/lcg 

Rat  (47) 

HEALTH 

HAZARD 

DATA 

SKIN: 

LDj*  25000  mg/kg  Rabbit  (47) 

Lone-Term  Effects:  Liver  toxicitv 

(Coat.) 

Preenanev/Neonate  Data:  Teratoeen:  testicular  damaee 

Gcnotoxicitv  Data:  Neeative 

Carcinogenicity  Gassification: 

lARC  -  Group  2B  (possibly  carcinogenic  to  humans) 

NTP  -  Positive  evidence 

EPA  •  Group  B2  (probable  human  carcinogen; 

sufficient  evidence  in  animals  and  inadequate 
evidence  in  humans) 

HANDLING 

PRECAUTIONS 

(54,59) 


Handle  chemical  only  with  adequate  ventilation 
•  Vapor  concentrations  of  50  mg/m^:  supplied-air  res¬ 
pirator  or  self-contained  breathing  apparatus  •  50-250 
mg/ra’:  supplied-air  respiratpr  or  self-contained  breathing 
apparatus  with  full  facepiece  •  Chemical  goggles  if 
there  is  probability  of  eye  contact  •  There  may  also 
be  need  for  skin  protection. 


ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS  AND 

CRITERIA 


AIR  EXPOSURE  LIMITS: 

Standards 

•  OSHA  TWA  (8-hr):  5  mg/m’;  STEL  (15  min):  10  mg/m’ 

•  AFOSH  PEL  (8-hr  TWA):  5  mg/m’;  STEL  (15-min):  10  mg/m’ 

Criteria 

•  NIOSH  IDLH  (30-min):  MOSH  has  recommended  that  the  substance  be 
treated  as  a  potential  human  carcinogen. 

•  NIOSH  REL:  Reduce  exposure  to  lowest  feasible  limit 

•  ACGIH  TLV®  (8-hr  TWA):  5  mg/m’ 

•  ACGIH  STEL  (15-r.iin):  10  mg/ra’ 
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REGULATORY  STATUS  (as  of  01-MAR-S9) 

Promulgated  Regulations 

•  Federal  Prograim 

Qean  Water  Act  (CWA) 

Di(2-ethylhc(yl)phthatate  a  listed  as  a  toxic  pollutant,  subject  to 
general  pretreatment  regulations  for  new  and  existing  sources,  ard  to 
efOuent  standards  and  guidelines  (351,  3763).  EfQuent  limitations  have 
been  set  for  this  chemical  in  the  following  point  source  categories: 
electroplating  (3767),  organic  chemicals,  plastics  and  synthetic  fibers 
(3777),  metal  finishing  (3768),  metal  molding  and  casting  (892),  and 
steam  electric  power  generating  (3802).  Lunitations  va^  depending  on 
the  type  of  plant  and  industry. 

Safe  Drinking  Water  Act  (SDWA) 

Phthalates  are  on  the  list  of  S3  contaminants  required  to  be  regulated 
under  the  SDWA  of  1974  as  amended  in  1986  (3781).  In  states  with 
on  approved  Underground  Injection  Control  program,  a  permit  is 
required  for  the  injection  of  di(2'ethylhexyl)-  phthalate-coutaining 
wastes  designated  as  hazardous  under  RCRA  (295). 

Resource  Conservation  and  Recovery  Act  (RCRA) 
Di(2-ethylhexyi)phthalate  is  identified  as  a  toxic  hazardous  waste 
(U028)  and  listed  as  a  hazardous  waste  constituent  (3783,  3784). 
Specific  sources  of  di(2-ethylhexyl)-  phthalate-containing  toxic 
hazardous  waste  are  wastestreams  from  the  petroleum  refining  and  ink 
formulation  industries  (3774,  3765).  Di(2-ethylhexyl)phthalate  is 
included  on  EPA’s  groundwater  monitoring  list.  EPA  requires  that  all 
hazardous  waste  treatment,  storage,  and  disposal  facilities  monitor  their 
groundwater  for  chemicals  on  this  list  when  suspected  contamination  is 
first  detected  and  annually  thereafter  (3775).  Di(2-ethylhexyl)phthalate 
is  subject  to  land  disposal  restrictions  when  its  concentration  as  a 
hazardous  constituent  of  certain  wastewaters  exceeds  designated  levels 
(3785).  Effective  August  8,  1983,  untreated 
di(2-ethylhexyl)phthalate-vontaining  wastestreams  from  the  ink 
formulation  industry  are  prohibited  from  land  disposal.  Effective 
August  8,  1990,  untreated  di(2-ethyl-  hexyl)phthalate-containing 
wastestreams  from  the  petroleum  refining  industry  are  prohibited  from 
land  disposal.  Between  November  8,  1988  and  Atigiist  8,  1990,  these 
wastes  may  be  disposed  of  in  a  landfill  or  surface  impoundment  only  if 
such  unit  is  in  compliance  with  the  requirements  specified  in 
40CFR268.5(h)(2)  (3785). 
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Tobpc  Substances  Control  Act  (TSCA) 

Manufacturers,  processon  or  distributors  of  di(2-ethylhexyl)phthalat( 
must  report  production  usage,  disposal,  and  e:qx)sure-relat^ 
information  to  EPA  (334).  lliey,  as  well  as  others  who  possess  health 
and  safety  studies  on  di(2-ethyihexyl)phthalate,  must  submit  them  to 
EPA  (37^).  Under  TSCA  S^on  4,  EPA  is  requiring  certain 
select^  manufacturers  aixl  processors  of  di(2-ethy!hexyi)phthalate  to 
perform  enviroiuaental  effects  and  chemical  fate  tests  on  their  products 
(3201). 

Comprehensive  Environmental  Resixanse.  Compensation  and  Liability 
Act  (CERCLA) 

Di(2-ethylbexyl)phtbalate  is  designated  a  hazardous  substance  under 
C^CLA.  It  has  a  reportable  quanti^  C^Q)  iutiit  of  0.454  kg. 
Reportable  quantities  have  also  been  issued  for  RCRA  hazardous 
waste  streams  containing  di(2-ehtylhexyi)phtha]ate,  but  these  depend 
upon  the  concentrations  of  the  chemi(^  in  the  waste  stream  (3766). 
Under  SARA  Title  m,  manufacturers,  processors,  importers,  and  users 
of  di(2-ethylhexyl)phthalate  must  report  annually  to  ]^A  and  state 
ofBcials  their  releases  of  this  chemical  to  the  environment  (3787). 

Occupational  Safety  and  Health  Act  (OSHA) 

Employee  exposure  to  di(2-ethyihexyl)phthalate  in  any  8-hour  work 
shift  of  a  40-hour  vrark  week  shall  pot  exceed  an  8-hour  time-weighted 
average  (TWA)  of  5  mg/m’.  An  employee’s  15-minute  short  term 
exposure  limit  (STEL)  of  10  mg/m’  shall  not  be  exceeded  at  any  time 
during  a  work-day  (3539). 

Marine  Protection  Research  and  Sanctuaries  Act  (MPRSA) 

Ocean  dumping  of  organohalogen  compounds  as  well  as  the  dumping 
of  known  or  suspected  carcinogens,  mutagens  or  teratogens  is 
prohibited  except  when  they  are  pre^nt  as  trace  contaminants.  Permit 
applicants  are  exempt  from  these  regulations  if  they  can  demonstrate 
that  such  chemical  constituents  are  non-toxic  and  non-bioaccumulative 
in  the  marine  environment  or  are  rapidly  rendered  harmless  by 
physical,  chemical  or  biological  processes  in  the  sea  (309). 

Hazardous  Materials  Transportation  Act  (HM  f A) 

The  Department  of  Transportation  has  designattd 
di(2-ethyihexyl)phthalate  as  a  hazardous  material  with  a  reportable 
quantity  of  0.4M  kg,  subject  to  requirements  for  packaging,  labeling, 
and  transportation  (3180). 

Food.  Drug  and  Cosmetic  Act  (FDCA) 

Di(2-ethyihexyl)phthaiate  is  approved  for  use  as  an  indirect  food 
additive  as  a  component  of  adhesives  (3209). 
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•  State  Water  Programs 

ALL?TATPS 

All  states  have  adopted  EPA  Ambient  Water  Quality  Criteria  and 
NPDWRs  (see  Water  Exposure  Limits  section )  as  their  promulgated 
state  regulations,  either  by  narrative  reference  or  by  relisting  the 
specific  numeric  criteria.  These  states  have  promulgated  additional  or 
more  stringent  criteria: 

MHSAS 

Kansas  has  an  action  level  of  4200  ^g/L  for  groundwater  (3213). 

MEWJLQRK 

New  York  has  set  an  MCL  of  50  /ig/L  for  drinking  water,  a  water 
quality  standard  of  4200  ng/L  for  public  water  supply  groundwaters, 
and  an  ambient  water  quality  standard  of  0.6  ng/L  for  fresh  surface 
waters  for  protection  of  fishing  and  fish  propagation.  New  York  also 
has  a  nonenforceable  ambient  water  quality  guideline  for  human  health 
of  4  ngT-  for  surface  watere  (3501,  3500). 

RHODE  ISLAND 

Rhode  Island  has  an  acute  fi-eshwater  quality  guideline  of  555  ng/L 
and  a  chronic  guideline  of  12  fig/L  for  the  protection  of  aquatic  life  in 
surface  waters.  These  guidelines  are  enforceable  under  Rhode  Island 
state  law  (3590). 

SOUTH  DAKOTA 

South  Dakota  requires  phthalates  to  be  mmdetectable,  using  designated 
test  methods,  in  groundwater  (3671). 

WISCONSIN 

Wisconsin  has  set  a  human  threshold  criterion  of  5.8  mg/L  for  public 
water  supply  cold  surface  waters  (3842). 

Proposed  Regulations 

•  Federal  Programs 

Safe  Drinking  Water  Act  (SDWA) 

EPA  will  propose  MCLs,  MCLGs,  and  monitoring  requirements  for 
phthalates  in  March,  1^90  with  final  promulgation  scheduled  for 
March,  1991  (3751). 

Resource  Conservation  and  Recovery  Act  (RCRA) 

EPA  has  proposed  listing  wastestreams  from  the  organic  chemicals 
(phthallic  anhydride  production)  industry  as  specific  sources  of 
di(2-cthylhexyi)phthaiate-containing  hazardous  wastes  (3795,  3774). 
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•  State  Water  Programs 
MOST  STATES 

Moat  states  are  in  the  process  of  revising  their  water  programs  and 
proposi  jg  changes  in  their  regulations  which  will  follow  EPA’s  changes 
when  th^  become  Gnal.  Contact  with  the  state  officer  is  advised. 
Changes  are  projected  for  1989-90  (3683). 

MINNESOTA 

Minnesota  has  proposed  a  Recommended  Allowable  Limit  (RAL)  of 
40  ^g/L  for  dri^ng  water,  a  Sensitive  Acute  Limit  (SAL)  of  5550 
HgfL  for  surface  water,  and  a  chronic  criterion  of  1  t^g/L  for  surface 
water  for  the  protection  of  human  health  (3451,  3452). 


Directive  on  Ground-Water  (538) 

Direct  discharge  into  ground-water  (Le.,  without  percolation  through 
the  ground  or  subsoil)  of  organohalogen  compounds  and  substances 
which  may  form  such  compounds  in  the  aquatic  environment, 
substances  which  possess  carcinogenic,  mutagenic  or  teratogenic 
properties  in  or  via  the  aauatic  environment,  and  mineral  oils  and 
hydrocarbons  is  prohibited.  Appropriate  measures  deemed  necessary  to 
prevent  indirect  discharge  into  ground-water  (i.e.,  via  percolation 
through  ground  or  subsoil)  of  these  subsunces  shall  be  taken  by 
memtxr  countries. 

Directive  on  the  Discharge  of  Dangerous  Substances  (535) 
Organohalogens,  carcinogens  or  substances  which  have  a  deleterious 
effect  on  the  taste  and/or  odor  of  human  food  derived  from  aquatic 
environments  cannot  be  discharged  into  inland  surface  waters, 
territorial  waters  or  internal  coastal  waters  without  prior  authorization 
from  member  countries  which  issue  emission  standards.  A  system  of 
zero-emission  applies  to  discharge  of  these  substances  into  ground¬ 
water. 

Difgctive  on  Toxic  and  Dangerous  Wastes  (547) 

Any  installation,  establishment,  or  undertaking  which  produces,  holds 
and/or  disposes  of  certain  toxic  and  dangerous  wastes  including  phenols 
and  phenol  compounds;  organic-halogen  compounds,  excluding  inert 
polymeric  materials  and  other  substances  referred  to  In  this  list  arc 
covered  by  other  Directives  concerning  the  disposal  of  toxic  and 
dangerous  waste;  chlorinated  solvents;  organic  solvents;  biocides  and 
phyto-pharraaccutical  substances;  ethers  and  aromatic  polycyclic 
compounds  (with  carcinogenic  effects)  shall  keep  a  rcaird  of  the 
quantity,  nature,  phys.cal  and  chemical  charactciistics  and  origin  of 
such  waste,  and  of  the  methods  and  sites  ased  for  disposing  of  such 
waste. 
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Di(2-ethylbexyl)phthalate  it  one  of  the  second-category  poUuunts  to  be 
studied  the  Gsounission  in  the  programme  of  action  of  the 
European  Gimmunities  on  Environment  in  order  to  reduce  pollutkva 
aixl  nuisances  in  the  air  and  water.  Risk  to  human  health  and  the 
environment,  limits  of  pollutant  levels  in  the  environment,  and 
determination  of  quab'ty  standards  to  be  applied  will  be  assessed. 
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31.1  MAJOR  USES 

Di(2-ethylhexyi)phthalat2  (DEHP)  it  considered  the  standard  po!>%inyi  chloride 
(PVC)  plasticizer  a^  is  used  primarily  lor  this  purpose.  PVC  plasticized  with  DEIiP 
it  one  of  the  nxMt  economical  plastics  available.  It  can  be  easily  processed  and  can 
be  formulated  to  yield  a  broad  lange  of  physical  properties.  DEHP-plasticucd 
materials  are  frequently  used  in  medical  devices  such  as  syringes,  cat^ters  and  blood 
storage  bags.  A  relatively  small  amount  of  DEHP  it  used  to  plasticize  a  variety  of 
other  polymeric  materialii  including  natural  and  synthetic  rubbers,  nitrocellulose  and 
cellulose  acetate  butyrate.  The  only  significant  non-plasticizer  use  for  DEHP  is  as  a 
replacement  for  polychlorinated  biphenyls  in  dielectric  Ouids  for  electrical  capacitors 
(403,  202,  416). 

31.2  ENVIRONhfENTAL  FATE  AND  EXPOSURE  PATHWAYS 
31JL1  Transport  in  Soil/Ground-water  Systens 

31.2.1.1  Overview 

Di(2-ethylhexyl)phtbalate  may  move  through  the  soil/ground-water  system  when 
present  at  low  concentrations  (dissolved  in  water  and  sorbed  on  soil)  or  as  a  separate 
organic  phase  (resulting  from  a  spill  of  significant  quantities  of  the  chemical).  In 
general,  transport  pathways  can  te  assessed  with  the  use  of  an  equilibrium 
partitioning  model  as  sho^  in  Table  31-1.  These  calculations  predict  the  partitioning 
of  low  soil  concentrations  of  DEHP  among  soil  particles,  soil  water  and  soil  air.  The 
portions  of  DEHP  associated  with  the  water  and  air  phases  of  the  soil  are  more 
mobile  than  the  adsorbed  portion. 

The  estimates  for  the  unsaturated  topsoil  model  indicate  that  essentially  all  of 
the  chemical  (99.99%)  would  be  sorbed  on  the  soil;  a  very  small  amount  (0.008%)  of 
the  chemical  will  be  present  in  the  soil-water  phase  and  can  thus  migrate  by  bulk 
transport  (e.g.,  the  downward  movement  of  infiltrating  water),  dispersion  and 
diffusion.  For  the  very  small  portion  of  DEHP  in  the  gaseous  phase  of  the  soil 
(3E-07  %),  diffusion  tlirough  the  x}il-air  pores  up  to  the  ground  surface,  and 
subsequent  removal  by  wind  is  possible. 

In  saturated,  deep  toils  (containing  no  soil  air  and  negligible  toil  organic  carbon), 
a  higher  fraction  of  the  DEHP  (0.4%)  is  likely  to  be  present  in  the  soil-water  phase 
(Table  31-1)  and  transported  with  flowing  ground  water.  However,  the  extent  of 
sorption  is  still  very  strong  and  ground  water?  underlying  DEHP-contaminated  sites 
may  not  be  affected  unless  the  DEHP  is  mobilized  by  complexation  with  other 
chemical  species. 
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TABLE  31-1 

EQUILIBRIUM  PARTmONTNG  CALCULATIONS  FOR 
DI(2-ETiryLHEXYL)PHTHALATE  IN  MODEL  ENVIRONMENTS* * 


SoU  Eatimated  Percent  of  Total  Maw  of  Chemical  in  Each  Compartment 

Eaaffianigjil _ _ _ Sail _ Sgiljy.a.tg.L _ SsziLAk _ 


Uouturated 

topaoi] 

at  25^  99.99  0.008  3&07 


Saturated 

deep  soil^  99.6  0.4 


a)  Calculationf  based  on  Mackay’t  equilibrium  partitioning  model  (34,  35,  36);  see 
Introduction  for  description  cf  model  and  environmental  conditions  chosen  to 
represent  an  unsaturated  topsoil  and  saturated  deep  soil.  Calculated  percentages 
should  be  considered  as  rough  estimates  and  used  only  for  general  guidance. 

b)  Utilized  estimated  soil  sorption  coefikient:  K.  62,  100  (Estimated  by  Arthur 
D.  Little,  Inc) 

c)  Henry's  lavy  constant  taken  2.5E-07  atm  ■  m’/mol  at  20*C  (Estimated  by  Arthur  D. 
Little,  Inc.) 

d)  Used  sorption  coeOicient  cakulated  as  a  function  of  assuming  0.1%  organic 
carbon:  1^  ■  0.001  x 


In  addition  to  the  uncertainty  (over  environmental  nobil-’ty)  related  to  the 
possibility  of  compiexation  with  mobilizing  chemicals,  e.g.,  fuMc  acid,  there  remains 
significant  uncertainties  with  regard  to  other  basic  properties  of  DEHP  relating  to 
mobility,  including  water  solubility  and  vapor  pressure.  Additional  information  on 
DEHP  is  available  in  the  thorough  review  of  phlhalic  acid  esters  by  Giam  et  al. 

(768). 

31.2.L2  Sorptioa  on  dods 

The  mobility  of  DEHP  in  the  soil/ground-watcr  system  (and  its  eventual 
migration  into  aquifers)  is  strongly  affected  by  the  enctent  of  its  srnption  on  soil 
particles.  In  general,  sorption  on  soils  is  expected  to: 

-  increase  with  increasing  soil  organic  matter  content  (except  that  compiexation 
with  humic  or  fulvic  acids  may  decrease  the  extent  of  sorption); 

•  increase  slightly  with  decreasing  temperatures; 

-  increase  moderately  with  increasing  salinity  of  the  soil  water  (701):  and 
decrease  moderately  with  increasing  dissolved  organic  matter  content  of  the 
soil  water. 
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Based  upon  its  octaool-water  partition  coefficient  of  129,000,  the  soil  sorption 
coefficient  (K,.)  is  estimated  to  be  62,100.  This  is  a  relatively  high  number  indicative 
of  strong  sorption  tr  soils.  Sullivan  et  aL  (701)  studies  the  sorption  of  DEH?  onto 
montmorillonite,  kaoiinite,  calcite,  calcium  montmorillonite  and  sediments  from  the 
Gulf  of  Mexico.  Sorption  was  relatively  rapid  (e.g.,  reaching  90%  of  equilibrium 
value  in  12  hours)  although  hysteresis  was  evident  in  almost  all  tests,  ^rption 
constants  for  D£HP  were  in  the  range  of  13-13  [units  arc  (ng  DEH?/mg  adsorbent) 
■f  (ng  DEHP/mL  water)].  Tbe  sediment  sample  did  not  adwrb  appreciably  more 
DEKP  than  the  clay  samples.  Some  increase  in  sorption  was  not^  with  an  increase 
in  the  salinity  of  the  solution. 

According  to  reports  by  Autian  (765),  Ogrter  and  Schnitzer  (766)  and  Matsuda 
and  Schnitzer  (767),  phthalate  esten  readily  complex  with  natural  organic  substances 
(e.g.,  fulvic  acid)  to  form  complexes  which  are  very  soluble  in  water.  Thus,  sorption 
to  soils  may  be  significantly  weaker  than  might  be  expected  based  upon  the 
information  given  above. 

31.2.13  Volatilization  from  Sous 

Transport  of  DEHP  vapon  through  the  air-filled  pores  of  unsaturated  soils  is  not 
expected  to  be  an  important  transport  mechanism  except  for  near-surface  dry  soils. 
The  very  low  value  of  Henry’s  law  constant  for  DEHP  (23E-07  atm  •  mVmol  at  20*C) 
implies  that,  when  water  is  present,  nearly  all  the  DEHP  will  be  in  the  water  or  soil 
compartments  (see  Table  31-1).  Some  experiments  to  measure  the  rate  of 
volatilization  of  DEHP  from  water  were  carried  out  by  KlopfTer  et  sL  (676);  however, 
the  results  were  inconclusive  in  part  due  to  the  fact  that  the  DEHP  concentrations 
used  (0.35  mg/L)  were  above  the  water  solubility  limit. 

3132  Tiansformation  Processes  in  SoiVGround-^'ater  Syi>teins 

The  persistence  of  DEHP  in  soil/ground-water  systems  is  not  well  documented. 

In  most  cases,  it  should  be  assumed  that  DEHP  will  persist  for  months  to  years  (or 
more).  DEHP  that  has  been  released  into  the  air,  or  that  enters  surface  waters  with 
significant  sunlight  exposure,  is  not  expected  to  be  degraded  by  direct  photolysis. 
Resistance  to  photolytic  degradation  would  be  expected  based  upon  DEHP's 
ultraviolet  absorption  spectrum  which  shows  no  absorbance  above  300  nm  (657). 

Wolfe  et  al.  (705)  measured  the  second- order  alkaline  hydrolysis  rate  constant 
(ko„)  for  sc\’eral  phthalates,  including  DEHP,  at  3(J*C  Phthalate  concentrations  were 
always  less  than  lE-05  M.  The  reported  koH  value  for  DEHP  was  (25  ±  0.2)E-02/ 
M/scc.  A  fint-order  hj-drolysis  rate  constant  (k)  can  be  calculated  from  this,  at  any 
pH,  from  the  following  equation: 


k(/scc)  -  l.lE-04  [OH] 
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where  [OH]  is  the  molar  concentration  of  the  OH'  ion.  At  pH  *  7,  [OH]  »  lE-07 
and  k  ■  l.lE-ll/scc.  Under  these  conditions  (e.g.,  30T;  pH  =  7)  the  hydrolysis 
half-life  is  2C(X)  years.  A  20°C  drop  in  temperature  (to  a  more  typical  ground-water 
temperature  of  10°C)  would  increase  the  hydrolysis  half-life  by  atout  a  factor  of  5, 
Le.,  to  10,000  years. 

DEHP  has  been  found  to  be  biodegradable  in  several  studies.  The  ease  of 
degradability  is,  however,  less  than  that  of  most  other  phthalate  esters  (e.g.,  diethyl, 
di-n-butyl).  Many  of  these  studies  arc  summarized  in  the  reviews  given  by  Overcasb 
et  aL  (524),  Callahan  et  aL  (10)  and  Giam  et  al  (768). 

Shake-flask  activated-sludge  tests  have  been  carried  out  by  Tabak  et  al.  (55), 
Sugatt  et  al.  (678),  and  O’Grady  et  al  (763).  The  percent  primary  degradation  was 
typically  in  the  range  of  73-95%  over  the  test  period  (up  to  28  days).  Tabak  et  al. 
(55)  characterized  their  results  as  involving  "significant  degradation  (with)  gradual 
adapation." 

Johnson  et  al.  (707)  have  studied  the  factors  controlling  degradation  of  DEHP  in 
freshwater  sediments.  In  one  test  conducted  at  22"C,  they  observed  14%  ultimate 
biodegradation  in  28  days  under  aerobic  conditions  and  9.9%  under  anaerobic 
conditions.  Effects  of  temperature,  chemical  concentration  and  acclimation  were  also 
oteerved. 

Wolfe  et  al.  (705)  report  a  second-order  microbial  degradation  rate  constant  for 
DEHP  of  4.2E-05  L/org/h  based  on  tests  with  natural  water  samples.  The 
applicability  of  such  laboratory-derived  rate  constants  to  real  environments  would 
involve  sig.iiflcant  uncertainty. 

In  most  soil/ground-water  systems,  however,  the  concentration  of  microorganisms 
capable  of  biodegrading  chemicals  such  as  DEHP  may  be  low  and  would  drop  off 
sharply  with  increasing  depth.  Thus,  biodegradation  in  the  soU/ground-water  system 
should  be  assumed  to  be  of  minimal  importance  except,  perhaps,  in  near-surface  soils 
and  in  landfills  with  active  microbiological  populations. 

31.2J  Primary  Routes  of  Exposure  from  bioi]A3round-water  Systems 

liiO  properties  of  DEHP  and  the  above  discussion  of  frte  pathways  suggest  that 
DEHP  is  nonvolatile,  strongly  adsorbed  and  has  a  high  potential  for  bioaccumulation. 
This  cottipound  is  not  likely  'o  volatilize  fjnm  soil  surfaces.  In  addition,  in  soil 
systems  it  should  be  strongly  sorbed,  although  it  may  be  mobile  in  sandy  soils. 

These  fate  characteristics  suggest  several  potential  exposure  pathways.  Drinking 
water  may  become  contaminated  in  some  situations.  Mitre  (83)  reportoj  that  DEHP 
has  been  found  in  6  of  the  546  National  Priority  List  (NPL)  sites.  It  was  detected  at 
4  sites  in  ground  water  and  3  sites  in  surface  water.  Although  this  is  a  relatively  high 
frequency  compared  to  some  other  chemicals,  DEHP  is  a  high-production  organic 
chemical. 
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The  potential  for  movement  of  DEHP  in  soil/ground-water  systems  is  limited; 
however,  it  nnay  move  to  surface  water  with  toU  particles.  In  such  a  situation,  several 
other  exposure  pathways  are  possible: 

•  Surface  waters  may  be  used  in  drinldng  water  supplies,  resulting  in  direct 
ingestion  exposures; 

•  Aquatic  organisms  residing  in  these  water  may  be  consumed,  also  resulting  in 
direct  ingestion  exposure; 

•  Recreational  use  of  these  waters  may  result  in  dermal  exposure; 

•  Domestic  animals  msy  consume  or  be  dermally  exposed  to  contaminated 
ground  or  surf^tce  waters;  the  consumption  of  meats  and  poultry  could  then 
result  in  ingestion  exposures. 

For  DEHP,  exposure  pathways  resulting  from  the  contamination  of  aquatic 
organisms  or  domestic  animals  could  be  of  concern  due  to  the  high  potential  of  this 
compound  to  bioaccumulate. 

312,4  Other  Sourcea  of  Exposure 

DEHP  is  commonly  found  in  flexible  plastics  which  are  widely  distributed  in  the 
United  States.  Thus,  many  direct  exposure  situations  exist,  aside  from  intake  of  food 
and  drinking  water.  Examples  include  polyvinyl  chloride  respiratory  tubing  (3602)  and 
polyvinyl  chloride  dialysis  tubes  and  bags  (3477). 

DEHP  is  approved  for  a  number  of  food-related  uses.  Based  upon  a  survey  of 
levels  found  in  a  vanety  of  foods,  an  average  intake  of  DEHP  in  the  diet  of  0.25 
in?/day  was  estimated  <|403). 

DEHP  has  not  been  monitored  extensively  in  drinking  water.  In  any  case,  the 
exposure  from  this  source  does  not  appear  to  be  as  significant  as  food  exposure.  In 
addition,  DEHP  has  been  reported  in  tobacco  smoke  and  this  may  represent  an 
exposure  route  for  smokers  and  those  exposed  to  cigarette  smoke  (403). 

Direct  contact  of  humans  with  PVC  products  could  result  in  dermal  or  inhalation 
exposure  due  to  leaching  of  DEHP  from  the  product  This  has  been  an  exposure 
route  for  persons  receiving  blood  stored  in  PVC  blood  bags  or  circulated  through 
PVC  tubing  (403). 
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3U  HUMAN  HEALTH  OOHSIDERATIOfiS 
31J.1  Asioul  Studies 
3U.1.1  Cardoogenidty 

Available  evidence  suggests  that  DEHP  is  a  cardoogen  in  rats  and  nuce.  In  a 
study  conducted  by  the  National  Tcsdcoiogy  Program  (NTP),  DEHP  was  administered 
to  groups  of  50  Fischer  344  rab  of  each  sex  at  0,  6000  or  12,000  mg/kg  diet  and 
groups  of  50  B6C3F,  mice  of  Cjach  sex  at  0,  3000  or  6000  mg/kg  diet  for  103  weeks. 
Liver  cell  tumors  were  observed  in  all  treated  animals  with  the  tumor  incidence  in 
male  and  female  mice  and  femile  rab  being  the  most  signiScaut  In  addition,  the 
number  of  male  rab  with  either  liver  cell  tumors  or  neoplastic  nodules  was 
significantly  elevated  (417).  Several  aspecb  of  the  study  have  been  scientifically 
chaUenged.  These  include  the  improper  feeding  and  housing  of  the  animals  as  well 
as  the  exceeding  of  the  maximum  tolerated  dose.  There  is  also  the  question  of 
whether  tumor  incider  ce  in  the:  control  group  was  unusually  low  (41b).  The  positive 
carcinogenic  resulb  have  been  Attributed  to  the  metabolic  response  of  rodenb  to 
DEHP.  At  the  doses  used  in  the  NTP  study,  D£H?  is  known  to  cause  a  significant 
increase  in  the  number  of  liver  peroxisomes  (subcellular  particles  involved  in  the 
oxidation  of  hpid)  which  in  turn  might  induce  the  formation  of  liver  tumors  (419, 
3105).  These  effeeb  are  similar  to  those  of  a  class  of  hypolnidcmic  drugs  which  are 
also  hepatocarcinogenic  in  rodenb  (420).  In  interpreting  the  relevance  of  this 
observation  to  man,  it  is  interesting  to  note  that  t^re  is  no  substantial  evidence  that 
these  agenu  elicit  the  same  liver  peroxisome  proliferatiofl  in  humans  that  they  do  in 
rodenb.  Furthermore,  epidemiological  studies  have  not  revealed  an  increase  in 
hepatic  neoplasia  in  humam  receiving  such  medication  (421).  On  the  basis  of  the 
NTP  Codings  of  clear  evidence  of  carcinogenic  activity,  lARC  has  determined  that 
there  is  sufficient  evidence  for  the  carcinogenicity  of  DEHP  in  mice  and  rab  and  lisb 
DEHP  in  category  2B  (sufficient  evidence  of  animal  carcinogenicity)  in  ib 
weight-of-cvidcnce  ranking  of  ptjtential  carcinogens  (202). 

313.1JZ  Geootoxicity  ; 

DEHP  has  given  negative  r^ulb  in  numerous  strains  of  Salmonella  typhimurium 
with  and  without  liver  enzyme  activation  (419,  3358,  3508).  Positive  resulb  were 
claimed  by  Tomita  et  al.  (422)  who  found  DEHP  to  be  mutagenic  in  strain  TAIOO  in 
the  presence  of  activation.  2ieiger  et  al.  (3861)  obtained  a  sample  of  DEHP  from 
Tomita,  and  following  his  protocol,  tested  it  <n  strain  TAtOO  5  concentrations 
(ranging  from  625  to  10,000  micilogratTis/plate),  an  '  jgative.  It  did  not  induce 

chromosomal  aberrations  in  Chinese  hamster  ceils  (406,  3566),  human  fetal  lung  cells 
or  human  leukocytes  (423),  nor  did  it  induce  mutations  at  the  HFRT  locus  or  sister 
chrometid  exchanges  in  cultured  Chinese  hamster  o-zary  cells  (3566).  DEHP  also 
gave  negative  resulb  in  the  sex-linked  recessive  lethal  assay  in  Drosophila  (3856)  and 
in  the  mouse  lymphoma  assay  (3358).  Oral  dominant  lethal  assays  in  ICR  mice  at 
doses  ranging  from  2.5  to  15  g/kg  have  given  negative  resulb  (424,  425)  while  one 
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intraperitoneal  dote  of  128  mL/kg  (3628)  aod  subcutaneous  administration  of  9.9 
franu/kg  (3006)  of  DEHP  resulted  in  a  weakly  positive  dominant  lethal  test  and  in 
andfertility  effects.  The  bone  marrow  cells  of  male  mice  gavaged  with  DEHP  or  its 
metabolites  did  not  show  an  increase  in  chromosomal  effects  (3577). 

Negative  results  have  also  been  obtained  in  DNA  binding  assays  conducted  in 
vivo  and  in  vitro  (421,  426).  The  study  by  Butterworth  et  aL  (426)  is  the  most 
significant  because  it  was  conducted  at  the  same  dosage  levels  as  the  NTP 
cardnogenesis  bioassay.  The  negative  results  in  the  DNA  binding  assays  suggest  the 
DEHF-induced  liver  tumors  in  rodents  may  be  the  result  of  a  non-genotoxic 
mechanism  (421). 

31J.U  Teratogenicity,  Embryotoiicity  and  Rqxoductivc  Effects 

Several  studies  in  rats  have  demonstrated  testicular  damage  following 
administration  of  DEHP.  The  degree  of  damage  appears  to  be  directly  proportional 
to  the  size  of  the  dose  and  length  of  exposure:  20,000  mg/kg  diet  produced 
degeneration  of  the  seminiferous  tubules  aod  testicular  atrophy  within  7  days,  12000 
mg/kg  diet  produced  the  same  effects  within  90  days  and  6000  mg/kg  diet  within  2 
years  (427,  417).  Mice  fed  6000  mg/kg  of  diet  for  2  years  also  exhibited  tubular 
degeneration  (417).  In  these  cases,  testicular  atrophy  has  been  associated  with  a 
reduced  testicular  zitK  concentration.  However,  concurrent  administration  of  zinc  did 
tK)t  prevent  testicular  atrophy  and  despite  increases  in  the  zinc  concentrations  of  me 
liver  and  serum,  the  zinc  concentration  in  tbe  testis  was  not  increased.  These  results 
suggest  that  DEHP  may  promote  the  lou  of  testicular  zinc  and  interfere  with 
testicular  zinc  uptake  (429).  Also,  DEHP-induced  testicular  atrophy  does  not  appear 
to  be  morphologically  reversible  in  rats  to  any  significant  extent  (430). 

DEHP  was  a  reproductive  toxicant  iu  male  and  female  CD-I  mice  exposed  to 
dietary  levels  of  0.01,  0.1,  and  0.3%  for  105  days.  This  was  evidenced  by  a  decrease 
in  fertility  index,  number  of  litters  and  live  births  per  litter.  In  addition,  male  mice  at 
tbe  03%  level  experienced  a  decreased  sperm  concentration  and  a  decreased 
percentage  of  motile  sperm.  Tbe  percentage  of  abnormal  sperm  was  increased  and 
seminiferous  tubules  were  severely  damaged.  High  dose  females  mated  with  control 
males  were  unable  to  produce  of&pring  (432).  Daily  doses  of  4000  or  10,000  mg/kg 
diet  to  ICR  mice  throughout  pregnancy  caused  complete  resorption  (433).  One 
thousand  or  2000  mg/kg  caused  teratogenic  effects  of  the  CNS  and  increased 
embryolethality.  No  adverse  effect  was  observed  at  500  mg;1cg  diet 

Shiota  aod  Mima  (3647)  reported  that  DEHP  is  highly  embryotoxic  and 
teratogenic  in  mice  when  given  orally  but  not  intraperitoneally.  On  days  7,  8,  and  9 
of  gestation  ICR  mice  were  exposed  by  gavage  to  250,  500,  100,  or  2000  mg/kg  of 
DEHP  or  intraperitoneally  to  500,  1000,  2000,  4000,  or  8000  mg/kg  of  DEHP.  In  the 
group  given  DEHP  orally,  resorption,  fetal  weight  reduction,  and  malformed  fetuses 
increas^  significantly  at  100  mg/kg.  Tbe  most  common  malformations  were 
anencephaty  and  exencephaly.  No  teratogenic  effects  were  observed  with  ip  exposure 
to  DEIff.  When  CD-I  mice  were  gavaged  on  gestational  days  6-13  with  9,650 
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mg/ke^day  of  DEHP,  Hardin  et  aL  (3271)  observed  only  2  viable  litters  firom  32 
treated  dams.  The  average  litter  size  was  reduced  wben  compared  to  the  control 
values  (6.5  vi  9.S). 

Effibtyotoxic  and  teratogenic  effects  were  observed  is  Sprague-Dawdey  rats  given 
intraperitoneal  injections  of  5  or  10  g/kg  body  weight  on  da^  S,  10,  and  15  of 
gestation.  There  was  a  dose-related  increase  in  fetal  resorptions  and  gross 
abnormalities  were  observed  in  the  high-dose  group  only.  These  included  the 
absence  of  eyes  and  tails  (401).  Ritter  et  oL  (359^  exposed  Ih^tar  rats  by  gavage  to 
5  or  10  mL/kg  of  DEHP  on  gestational  day  12.  A  dose  response  was  seen  with  5 
mL/kg  causing  4J%  of  the  survivors  to  be  malformed,  compared  to  20.8%  malformed 
with  the  10  mL/kg  exposure.  Malformations  in  the  high  dose  group  included 
hydronephrosis,  cardiovascular  malformations,  and  tail  and  limb  defects. 

313.1.4  Other  Toxicologic  Effects 

313.1.4.1  Short-term  Tcoddty 

The  oral  toxicity  of  DEHP  is  relatively  low  with  oral  LD^  values  of 
approximately  30  g/kg  in  rats  and  rabbits  (47).  Short-term  repeated  administration  of 
03  to  2  g/kg/day  to  rodents  produced  liver  enlargement,  liver  peroxisome  proliferation 
and  induction  of  enzymes  involved  in  fatty  acid  oxidation  in  the  liver  (421).  In 
contrast,  marmoset  monkeys  given  oral  doses  of  2  g/kg/day  or  intraperitoneal  doses  of 
1  g/kg/day  for  14  days  experienced  no  adverse  effects  (421). 

Topically  applied  undiluted  DEH?  does  not  produce  eye  or  skin  irritation  in 
rabbits.  Although  DEHP  is  absorbed  through  rabbit  skin,  the  LD^  by  this  route  is  25 
g/kg  (12,  47). 

31J.1.43  Chronic  Toxicity 

In  mice,  oral  administration  of  0.5  or  5.0  g/kg/day  for  1  to  3  months  resulted  in 
liver  and  kidney  degeneration  (434).  Daily  intraperitoneal  injections  of  0.25  g/kg/day 
for  6  weeks  caiised  liver  enlargement,  u'sticular  atrophy,  liver  and  testicular  abtcesses 
and  severe  peritonitis  (292).  Mitchell  et  aL  (3458)  administered  DEH?  in  the  diets 
of  male  and  female  Wistar  alb  no  rats  for  9  months  such  that  the  rats  received  0,  50, 
200,  or  1000  mgkg/day.  Groups  of  six  control  animals  and  four  per  treatment  group 
were  sacrificed  3,  7,  14,  and  28  days  and  9  months  after  commencement  of  feeding. 
Among  'he  changes  observed  were  hypertrophy  of  the  hepatocytes,  centrilobular  loss 
of  glycogen,  and  a  fall  in  glucose-b-phosphatase  activity  which  did  not  reach  maximal 
levels  until  28  days  after  treatment.  These  effects  were  clearly  seen  at  200  and  1000 
mg/kg  but  only  marginally  evident  at  50  mg/kg.  Other  changes  such  as  midzonal  to 
periportal  accumulation  of  fat  and  induction  of  peroxisomal  enzymes  developed  more 
quickly.  Alterations  in  female  rats  were  less  pronounced  than  in  males.  Price  et  ai. 
(3573)  administe>'ed  the  same  dietary  doses  of  DEHP  as  in  the  Mitchell  et  al.  study 
for  at  least  3  months  and  showed  that  male  Wistar  rats  developed  alterations  of  the 
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thyrcid  gland  iiKluding  increases  in  tbe  number  and  size  of  lysosomes,  hypertrophy  of 
the  Golgi  apparatus,  and  dilation  of  the  rough  endoplasmic  reticulum. 

llie  leaching  of  DEHP  into  transfusion  fluids  has  the  potential  to  produce  toxic 
reactions.  Rhesus  monkeys  showed  signs  of  abnormal  liver  pathology  after  receiving 
weekly  or  biweekly  transfusions  of  plasma  that  had  been  stored  in  PVC  bags  for 
periods  up  to  one  year.  The  cumulative  concentrations  of  DEHP  recer^d  by  the 
monkeys  during  a  one-year  period  ranged  from  6.6  to  33  mg/kg  (435). 

313.2  Human  and  Epidemiologic  Studies 


3133.1  Short-term  Toxicologic  Ffliccts 

Little  data  are  available  detailing  effects  of  human  exposure  to  DEHP.  Shaffer 
et  aL  (436)  report  that  a  sinr)e  human  subject  who  swallowed  10  g  DEHP 
experienced  gastritis  and  evacuation  of  the  bowel,  while  a  subject  who  swallowed  5  g 
did  not  No  reaction  was  noted  when  undiluted  DEHP  was  applied  to  human  sldn 
for  7  days  (436).  A  potential  route  of  human  expesure  b  through  blood  transfusions. 
The  extraction  of  DEHP  from  PVC  bags  by  human  bicod  at  4*0  has  been  found  to 
occur  at  a  rate  of  035  mg/100  mL/day  for  21  days.  DbHP  wra  found  in  both  the 
lipid-containing  and  lipid-free  portiom  of  tbe  plasma  with  the  ied  celb  containing 
only  a  small  amount  From  these  Ondings,  it  can  be  calculated  that  a  whole  body 
exchange  transfusion  in  a  70-kg  man  with  20-day-cId  blood  could  result  in  intravenous 
adminbtration  of  300  mg  DEHP.  Thb  scenario,  bower.«r,  b  unlikely  since  flesber 
blood  would  normally  be  used  (416). 

The  results  of  a  recent  study  indicate  that  hemodialysb  patients  are  exposed  to 
substantial  amounts  of  DEHP,  hSHP  and  phthalic  acid.  Timc-averagsd-circulating 
concentrations  during  dialysb  were  1.91  -  311  MS/mL  DEHP,  133  -  038  4g/tcL 
MEHP  and  5.22  •  3.49  /sg/mL  phthalic  acid.  Tbe  length  of  time  that  patients  had 
been  receiving  dialysb  treatment  was  correlated  with  the  circulating  concentration  of 
phthalic  acid  but  no*  with  the  concentrations  of  DEHP  and  MEKP  (627). 

31333  Chrooic  Toxicokjgic  Effects 

In  a  small  prospective  cohort  study,  eight  dea'hs  were  observed  among  221 
workers  expose  d  to  DEHP  for  periods  of  3  months  to  24  years.  One  carcinoma  of 
tbe  pancreas  and  one  bladder  papilloma  were  reported  (437).  In  a  study  of  the 
chromosomal  effects  of  DEHP,  occupational  expesure  to  0.01  -  0.16  mg/m’  for  10  to 
34  years  was  found  not  to  increase  *he  incidence  of  aberrations  in  blood  leukocytes 
(438). 

3133  Levds  of  Ccocem 

The  USEPA  (3770)  has  establbhed  an  ambient  water  quality  criterion  of  15  mg/L 
for  the  protection  of  human  health  from  the  toxic  properties  of  DEHP  ingested 
through  water  and  aquatic  e  rganisms  that  bicaccumulate  DEHP;  thb  criterion  b 
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presently  under  review  by  USEPA  and  it  is  likely  that  a  new  criterion  base-i  on 
carcinogenicity  will  be  proposed.  An  Oral  Reference  Dose  of  20  /rg/kg/day  has  been 
proposed  by  the  USEPA  (3742). 

NTP  (417)  categorizes  DEHP  as  presenting  positive  evidence  of  carcinogenic 
activity  in  rodents.  lAPC  (3325)  lists  DEHP  in  category  2B  (sufficient  evidence  of 
animal  carcinogenicity)  in  iu  weight-of-evidence  ranking  of  potential  carcinogens. 

Both  OSHA  (3539)  and  the  ACGIH  (3005)  have  set  S-hour  TWA  occupational 
exposure  limits  of  5  ra^m’  for  DEHP. 

31J.4  Hazard  Assessment 

High  dietary  concentrations  of  DEHP  (3000-12,000  mg/kg  diet)  ferl  to  rats  and 
rm'ce  for  two  years  induced  liver  tumors  in  both  species  (417).  The  relevance  of 
these  findings  to  humans  has  been  questioned  (418,  4!9)  based  on  the  response  of 
the  rodent  liver  to  DEHP  (proliferation  of  peroxisomes):  there  is  rx?  substantial 
evidence  that  this  process  occurs  in  humans  exposed  to  agents  that  elicit  this  response 
in  rodents,  suggesting  that  the  pathological  changes  seen  in  rr  'ents  administered  high 
doses  of  DEHP  may  be  species-specific.  St'urdard  in  vitro  genotoxic  tests  give 
rregative  responses  for  DEHP.  A  weakly  positive  response  was  recorded  in  a  rodent 
dominant  lethal  assay  following  large  intraperitoneal  or  subcutaneous  doses  of  DEHP 
(3658,  3008)  but  approximately  the  same  dose  given  orally  in  another  dominant  lethal 
study  gave  negative  results  (425),  suggesting  a  nongenotoxic  mechanism. 

Several  studies  have  demonstrated  testicular  damage  in  the  rat,  mouse  and  ferret 
induced  by  administration  of  high  doses  (>6000  mg/kg)  of  DEHP  (427,  417,  428). 

The  degree  of  testicular  damage  appears  to  be  dose-related  and  proportional  to  the 
length  of  exposure.  Embryolethal  and  teratogenic  effects  have  also  been 
demonstrated  in  mice  and  rats  (432,  433,  401). 

Little  data  are  available  on  the  effects  of  exposure  to  DEHP  in  humans. 

Ingestion  of  5  g  DEHP  was  reported  to  be  without  effect;  ingestion  of  10  g  induced 
gastritis  and  bowel  evacuation.  Given  the  ubiquitous  exposure  to  DEH?  in  our 
society,  the  lack  of  adverse  effect  reports  attest  to  its  generally  low  toxicity  to 
humans.  However,  until  such  time  as  the  aifference  in  the  metabolic  fate  of  DEHP 
in  rodents  is  clearly  identified  as  a  species-specific  mechanism  of  liver  tumor 
formation,  the  hazards  associated  with  human  exposure  to  DEHP  will  need  to  be 
re-examined  periodically. 


31.4  SAMPLING  AND  ANALYSIS  CONSIDERATION 

Determination  of  DEHP  concentrations  in  soil  and  water  requires  collection  of  a 
representative  Geld  sample  and  laboratory  analysis.  Care  is  required  to  prevent  losses 
during  sample  collection  and  storage.  Soil  and  water  samples  should  be  collected  in 
glass  containers;  extraction  of  samples  should  be  completed  within  7  days  of  sampling 
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and  aoalysii  oocspleted  within  40  days.  In  addition  to  the  targeted  sairplet,  quality 
control  umntea  such  aa  Geld  blanks,  duplicates,  and  spiked  matrices  may  be  speciGed 
in  the  recommended  methods. 


EPA-approved  procedures  for  the  analysis  of  di(2-ethy!hexyl)phthalate,  one  of 
the  EPA  priority  poliuUnts,  in  aqueous  samples  include  EPA  Methods  606,  623,  1625 
(65),  8C^  (63),  a^  82.V)  (63).  Prior  to  analysis,  saiiiples  are  extracted  with 
methyie^  chloride  at  a  solvent  using  a  separatory  funnel  or  a  continuous  liquid-liquid 
extractor.  An  aliquot  r)f  liie  concentrated  sample  extract  is  injected  onto  a  gas 
chroma|ograpbic  (GC)  column  using  a  solvent  Gush  technique.  The  GC  column  is 
prograduntid  to  separate  the  semi-volatile  organks;  di(2-ethylhexyl)phthalatc  is  then 
detected  with  a  Game  ionization  detector  (Method  606)  electron  capture  detector 
(Methojd  8060),  or  a  mau  spectrometer  (MetlKxls  625,  1625,  and  8250). 

Tb|B  EPA  procedures  recommended  for  di(2-ethylhexyl)phthal4te  analysis  in  soil 
artd  waste  samples.  Methods  8060,  and  8250  (63).  differ  ^m  the  aqueous  procedures 
primarily  in  the  preparation  of  the  sample  extract  Solid  samoies  are  extracted  using 
either  ioxhlet  extraction  (Method  3540)  or  sonication  metho  i  (Method  3550).  Neat 
and  diluted  organic  liquids  may  be  analyzed  by  direct  injection.  Determinations  arc 
made  with  either  the  electron  capture  or  Game  ionization  detector.  A  screening 
procedjire  using  capi”ary  GC  with  mass  spectrometric  detection  has  also  been 
describe  (3356). 


Typical  di(2-ethyihexyl)phthaiate  detection  limiu  that  can  be  obtained  in 
wastewaters  ai^  non-aqueous  samples  (wastes,  toils,  etc.)  ar  shown  below.  The 
actual  Iktection  limit  achieved  in  a  given  analysia  will  vary  v.  -h  instrument  sensitivi^ 
and  mitriz  effects. 


210  ^g/L  (Method  606) 

2l3  Mg/L  (Method  625) 
lb  pig/L  (Method  1625) 

(X2  ngfL  (Method  8060/PlD) 
a02  ng/L  (Method  8060/ECD) 
25  ng/L  (Method  8250) 


13.4  Mg/g  (Method  8060/nD) 
1.3  jig/g  (Method  8060/HCD> 
1.7  Mg/g  (Method  8250) 
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CX)MMON 
SYNONYMS: 
Naptitbalcoe 
NapbtheDC 
Tar  campbor 
White  tar 


CASREGNOj  FCRMUIA: 

AIR  WA'  CONVERSION 

hnOSH  NO: 

FACTOR  at  25“C  (12) 

OJ0525000 

5.24  mgAn'  »  1  ppm;  _ 

STRUCTURE: 

0.191  ppm  «  1  mg/m’ 

00 

MOLECULAR  WEIGHT: 

128.16 

REACTIVITY 

Naphthalene  may  generate  heat,  react  vigotously,  and 
possibly  ignite  or  explode  in  contact  with  oxidizing  mineral 
acids  or  other  strong  oxidizing  agents  (511,  505). 

•  Physical  State:  Soh'd,  volatile 
crystalline  flakes  (at  20“C) 

(23) 

•  Color:  White 

(23) 

•  Odor.  "Moth  balls"  or  coa;  tar 

(54,59) 

•  Odor  Threshold:  0.084  ppm 

(384) 

•  Density:  1.1450  g/mL  (at  20®C) 

(14) 

•  Freeze/Melt  Point:  80.20®C 

(23) 

•  Boiling  Point:  218.00®C 

(23) 

PHYSICO- 

•  Eash  Point:  79.00“C  closed  enp 

(21) 

CHE^flCAL 

•  Eammable  Limits:  0.90  to  5.90% 

DATA 

by  volume 

(38,51,506) 

•  Auloignition  Temp..  526.0  to 

567.0“C 

(38,51,506) 

•  Vapor  Pressure:  5.30E-02  mm  Hg 
(at  20“C) 

(30) 

•  Satd.  Cone,  in  Air:  3.7500E+02 
mg/m’  (at  20“C) 

(1219) 

•  Solubility  in  Water:  3.17E+01 
mg/L  (at  20“C) 

(440) 

•  Viscosity:  0.754  cp  (at  10G°C) 

(21) 

•  Surface  Tension:  3.1800E+01 
dyne/cm  (at  100®C) 

(59) 
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•  Log  (Octanol-Water  Partition 

CoefL):  3.30 

(29) 

PHYSICO- 

•  Soil  Ad^rp.  Coeff.:  9.62E+02 

(652) 

CHEMICU 

•  Henry’s  Law  Const.:  4.C2E-04 

DATA 

atm  mVmol 

(74) 

(ConL) 

•  Bioconc.  Factor  4.40E+01 

(blue  mussel),  7.70E+01 

(sand  dab),  9..50E+01  (estin.) 

(439,659) 

PERSISTENCE 
IN  THE  SOIL- 
WATER 
SYSTEM 


Naphthalene  is  expected  to  be  fairly  mobile  in  the 
soil/grbund-water  system.  Transport  with  infiltrating 
water  is  expected  to  be  important,  particularly  in  sandy 
soils  and  soils  of  low  organic  content  Volatilization  may 
be  iinpoitant  at  the  surface.  Biodegradation  has  been 
shown  to  occur  with  acclimated  microbial  populations 
and  under  aerobic  conditions;  biodegradation  in  natural 
soils  and  groundwater  is  not  expect^  to  be  significant. 


PATHWAYS 

OF 

EXPOSURE 

The  primary  pathway  of  concern  from  the  soil-water 
system  is  the  migration  of  naphthalene  to  groundwater 
drinking  water  supplies.  There  is  some  evidence  that 
migration  from  disposal  sites  to  ground  water  and  sur¬ 
face  water  has  occurred  in  the  past  inhalation  ex¬ 
posures  resulting  from  volatilization  from  surface  soils 
may  also  occur. 

Signs  and  Symptoms  of  Short-term  Human  Exposure: 

£511 _ 

HEALTH 

HAZARD 

DATA 


Ingestion  or  inhalation  of  naphthalene  causes  eye  irrita¬ 
tion,  headache,  nausea,  vomiting,  sweating  and 
abdominal  pain.  Skin  contact  may  cause  redness  and 
dermatitis.  Both  the  vapor  and  the  solid  are  irritating  to 
the  eye. 

Acute  Toxicity  Studies:  (3504) 


ORAL: 

LDy,  490  mg/kg 
LDlo  100  mg/kg 
LD50  533  mg/kg 
LDy,  1200  mg/kg 


Rat 
Child 
Mouse 
Guinea  pig 
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HEALTH 

HAZARD 

DATA 


Long-Term  Effects:  Limited  deta  suggest  no  significant 


wrm: 


Carcinogenicity  Qassiftcation.' 
lARC  -  No  dau 

NT?  •  Under  study  (histopathology  in  progress 
EPA  -  No  data 


HANDLING 

PRECAUTIONS 

(38) 


Handle  chemical  only  with  adequate  ventilation 

•  Vapor  concentrations  of  10-300  ppm:  any  supplicd-air 
respirator  or  selfcontained  breathing  apparatus  wi^h  full 
facepiece;  chemical  cartridge  respirator  with  full 
facepiece,  organic  vapor  cartridge  and  dust  filter 

•  Above  300  ppm:  self-contained  breathing  apparatus 
with  full  facepiece  operated  in  positive-pressure  node 

•  Chemical  goggles  if  there  is  probability  of  eye  jcontact 

•  Protective  clothing  to  prevent  prolonged  or  repeated 

sUn  contact.  I 


ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS  AND 

CRITERIA  ! 


Affi_E>^.POSiRE.JJ[Mri§: 


Standards 

•  OSRA  TWA  (S-hr):  10  ppm;  STEL  (13  min):  13  ppm 

•  AFOSH  PEL  (8-hr  TWA):  10  ppm;  STEL  (13-min):  13  ppm 

Cciglij 

•  NIOSH  IDLH  (30-min):  300  ppm 

•  ACGIH  TLV*  (8-hr  TWA):  10  ppm 

•  ACGIH  STEL  (13-min):  15  ppm 


NAPHTHALENE 


ENVIRONMENTAL  AND  OCOJPATIONAL  STANDARDS  AND 

CRITERIA  (C-onL) 


None  ettablished 


None  established 


No  information  available. 


/•Win^iJUdAUElQK^i'Dnsmnrint^ 


Human  Health  (3770) 

-  No  criterion  established  due  to  insufficient  data. 

Aquatic  IJfe  (3770) 

•  Freshwater  species 
•cute  toxicity: 

no  criterion,  but  lowest  effect  level  occurs  at  2300  ng/'L 
chronic  tcxicity: 

no  criterion,  but  lowest  effect  level  occurs  at  620  ^n/L. 

•  Saltwater  species 
acute  toxicity: 

no  criterion,  but  lowest  effect  level  occurs  at  2350  tig/L 
chroric  toxicity: 

no  criterion  established  due  to  iruufficicnt  data. 


ORAL:  4.|(X)E+02  nsJVg/day  (3744) 
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REGULATORY  STATUS  (a*  of  01 -MAR-89) 


•  Federal  Programs 

Clean  Water  Act  (CWA) 

Naphthalene  is  designated  a  hazardo’is  s^ibstance  under  CWA  It  has 
a  reportable  quantity  (RQ)  limit  of  45.4  kg  (347,  3764).  It  is  also 
listed  as  a  toxic  pollutant,  subject  to  general  pretreatment  regulations 
for  new  and  existing  sources  and  effluent  standards  and  giiHelines 
(351,  3763).  Effluent  limitations  have  been  set  for  napthalene 
effluents  in  the  following  point  source  categories;  iron  and  steel 
manufacturing  industry  (354),  electroplating  (3767),  organic  chemicals, 
plastics,  and  synthetic  fibers  (3777),  steam  electric  power  generating 
(3802),  and  metal  molding  and  casting  (892).  Limitations  vary 
depending  on  the  type  of  plant  and  hdustry. 

Safe  Drinki.ig  Water  Act  (SDWA) 

Naphthalene  is  listed  as  an  unregulated  contaminant  with  no  EPA 
monitoring  requirements.  The  ii^ividual  states  decide  which  systems 
require  analystj  for  this  conuminant  (3771).  Ih  states  with  an 
aporoved  Underground  Injection  Control  program,  a  permit  is  required 
for  the  injection  of  naphthalene-containing  wastes  cesignated  cs 
hazardous  under  RCRA  (295). 

S-<^'^£<^Cs.n;^crya.?'9nLJi}l  Pspgygra-Asi  (RCRA) 

Naphthalene  is  tdentified  as  a  toxic  hazardous  waste  (U165)  and  listed 
as  a  hazardous  waste  constituent  (3783,  3784).  A  non-specific  source 
of  naphthalene-containing  v/aste  is  the  production  of  chlorinated 
aliphatic  hydrocarbons  (325).  Waste  streams  from  the  following 
industries  contain  naphthalene  and  are  listed  as  specific  sources  of 
hazardous  wastes:  wood  presc.vation  (creosote  and/or 
pentachlorophenol  preserving  processes),  pesticides  (creosote 
production),  coking  (nperationaf  residues),  organic  chemicals 
(production  of  l,2^ichloro-  ethane),  petroleum  refining,  and  ink 
formulation  (3774,  3765).  Naphthalene  is  subject  to  land  disposal 
restrictions  when  iu  concentration  as  a  hazardous  constituent  of  certain 
wastewaters  exceeds  designated  levels  (3785).  Effective  November  8, 
1988,  the  land  disposal  of  certain  untreated  naphthalene-containing 
hazardous  wastes  is  prohibited.  These  wastes  must  be  treated 
according  to  Best  Demonstrated  Available  Technology  (BOAT) 
treatmc.it  standards  before  being  disposed.  Certain  variances  exist 
until  May.  1990  for  other  naphthalene -containing  hazardous  wastes  for 
which  BDAT  treatment  standards  have  not  been  promulgated  by  EPA 
(3786).  Naphthalene  is  included  on  EPA's  ground-water  monitoring 
list.  EPA  requires  (hat  ail  hazardous  waste  treatment,  storage,  and 
disposal  facilities  monitor  their  ground-water  for  chemicals  on  this  l«t 
when  suspected  contamination  is  first  detected  and  annually  thereafter 
(3775). 
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Toxic  Substances  Control  Act  (TSCA) 

Manufacturers,  processors,  and  importers  who  possess  health  and  safety 
studies  on  naphthalene  must  submit  them  to  EPA  (3789). 

Comorehemiive  Environmental  Response.  Compensation  and  Liability 
Act  (CERCIA) 

Naphthalene  is  designated  a  hazardous  substance  under  CERCLA.  It 
has  a  reportable  quantity  (RQ)  limit  of  45.4  kg  Reportable  quantities 
have  also  been  issued  for  RCRA  hazardous  waste  streams  containing 
naphthalene  but  these  depend  upon  the  concentration  of  the  chemicals 
in  the  waste  stream  (3766).  Mnder  SARA  Title  III  Section  313, 
manufacturers,  processors,  importers,  and  users  of  naphthalene  must 
report  annually  to  EPA  and  state  ofHcials  their  releases  of  this 
chemical  to  the  environment  (3787). 

Occupational  Safety  and  Health  Act  (OSHA) 

Employee  exposure  to  naphthalene  in  any  8-hour  work-shift  of  a 
40-hour  work-week  $h?ll  not  exceed  an  8-hcur  time-weighted  average 
(TWA)  of  10  ppm,  or  a  15-minute  short-term  exposure  limit  (STEL)  of 
15  ppm  for  any  8-hour  work-day  (3539). 

EPA  has  concluded  health  and  source  screening  assessments  on 
naphthalene  and  has  decided  not  to  regulate  it  under  the  Qean  Air 
Ac-,  (3685). 

Hazardous  Materials  Transportation  Act  (HMTA) 

The  Dcpa.'tment  of  Transportation  has  designated  naphthalene  as  a 
hazardous  material  with  a  reportable  quantity  of  45.4  kg,  subject  to 
requirements  for  packaging,  labeling  and  transportation  (3180). 

Federal  Insec'kidc.  Fungicide  and  Rodcnticide  Act  (FI FRA) 

Pesticide  registration  standards  for  naphthalene  have  been  issued  by 
EPA  (3798). 

•  State  Water  Programs 

AL.L..?.IAI£S 

All  states  have  adopted  EPA  Ambient  Water  Quality  Criteria  and 
NPDWRs  (sec  Water  Exposure  Limits  section)  as  their  promulgated 
state  regulations,  either  by  narrative  reference  or  by  relisting  the 
sp-eific  numeric  criteria.  These  states  have  promulgated  additional  or 
more  stringent  criteria; 


KANSAS 

Kansas  has  an  action  level  of  143  for  naphthalene  in  ground¬ 
water  (3213). 
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NEW  MEXICO 

New  Mexico  has  set  a  human  health  criterion  of  0.03  mg/L  for  total 
naphthaleoe  plus  monomethylnaphthalenes  iu  ground-water  (3499). 


New  York  has  set  an  MCL  of  50  ^rg/L  for  vlinldni  water,  an  ambient 
water  quality  standard  of  10  (ig/L  for  surface  waters  class^  for 
drinking  water  supply,  and  a  ixanenforceable  water  quality  guideline  of 
10  lig/L  for  grou^-water  (3501). 

QSLMQMA 

Oklahoma  has  set  a  Toxic  Substance  Goal  of  143  ngfL  for  surface 
waters  used  for  public  and  private  water  supplies  (3534). 


Pennsylvania  has  a  human  health  criterion  of  10  ^g/L  for  surface 
waters  (3561). 


Rhode  Island  has  an  acute  freshwater  quality  guideline  of  115  ng/L 
and  a  chronic  guideline  of  2.6  /sg/L  for  surface  waters  for  the 
protection  of  aquatic  life.  These  guidelines  are  enforceable  under 
Rhode  Island  state  law  (3590). 

sg.ympAKo.TA 

South  Dakota  requires  naphthalene  to  be  nondetectable,  using 
designated  test  methods,  in  ground-water  (3671). 


•  Federal  Programs 

Resource  Conservation  and  Recovery  Act  (RCRA) 

EPA  has  proposed  BOAT  treatment  standards  for 
naphthalene-containing  wastes  from  chlorinated  aliphatic  hydrocarbon 
production,  and  organic  chemical  (1.2-dichIoroethane)  production. 

Final  promulgation  is  expected  by  June,  1989  (3795). 

•  State  Water  Programs 

MOST  STATES 

Most  states  arc  in  the  process  of  revising  their  water  programs  and 
proposing  changes  to  their  regulations  which  will  follow  EPA’s  changes 
when  they  become  final.  Contact  with  the  state  officer  is  advised. 
Changes  arc  prbjectcd  for  1989-90  (3683). 


Minnesota  has  proposed  a  Sensitive  Acute  Limit  (SAL)  of  920  /ig/L 
for  surface  water,  and  a  chronic  criterion  of  20.4  tig/L  for  designated 
surface  waters  for  tlie  protection  of  human  health  (3452). 
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Directive  on  Drinking  Water  (533) 

The  mandetory  values  for  polycyclic  aromatic  hydrocarbons  in  surface 
water  treatment  categories  Al,  A2  and  A3  vc^ed  or  intended  for  the 
abstraction  of  drinking  water  are  0.0002  and  0.001  mg/L,  respectively. 
No  guideline  values  are  given  for  any  treatment  category. 


KsJilSQultlBsJJ! 


The  maximum  adt  visible  concentration  for  polycyclic  aromatic 
hydrocarbons  is  0  .  uglu. 


!■!■  ■■!  HIM  I  ■  ■  I.  \  ^ 

Direct  discharge  ir  to  giound-wster  (i.e.,  without  percolation  through 
the  ground  or  subtoil)  of  organohalogen  compounds  and  substances 
which  may  form  such  compounds  in  the  aquatic  environment, 
substances  which  possess  carcinogenic,  mutagenic  or  teratogenic 
properties  in  or  via  tl,e  aquatic  environment,  and  mineral  oils  an 
hydrocarbons  is  prohibited.  Appropriate  measures  deemed  necessary  to 
prevent  indirect  discharge  into  ground-water  (i.e.,  via  percolation 
through  ground  or  subsoil)  of  these  substances  shall  be  taken  by 
member  countries. 


Directive  on  Toxic  and  Danaerous  Wastes  (542) 

Any  installation,  establishment,  or  undertaking  which  produces,  holds 
and/or  disposes  of  certain  toxic  and  dangerous  wastes  including  phenols 
and  phenol  compounds;  organic-halogen  compounds,  excluding  inert 
polymeric  materials  and  otlKr  substances  referred  to  in  this  list  or 
covered  by  other  Directives  concerning  the  disposal  of  toxic  and 
dangeroi's  waste;  chlorinated  solvents;  organic  solvents,  biocides  and 
phyto-pharmaceutical  substances;  ethers  and  aromatic  polycyclic 
compounds  (with  carcinogenic  effects)  shall  keep  a  record  of  the 
quantity,  nature,  physical  and  chemical  characteristics  and  origin  of 
such  waste,  and  of  tne  methods  and  sites  used  for  disposing  of  such 
waste. 
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321  MAJOR  USES 

The  production  of  phthalic  anhydride  is  the  main  use  for  naphthalene.  It 
accounts  for  approximately  60%  of  U.S.  consumption.  Twenty  percent  is  used  in  the 
production  of  carbaryl,  an  insecticide;  the  remainder  is  used  in  the  manufacture  of 
tanning  agents,  moth  repellents,  surfactants  and  chemicals  such  as  beta-naphthol, 
alpha-naphthol  and  decahydronaphthalene  (440). 

322  ENVERONMENTAl.  FATE  AND  EXPOSURE  PATHWAYS 
3221  Transport  in  SoOAjround-water  Systems 

3221.1  Overview 

Naphthalene  may  move  through  the  soil/ground-water  system  when  present  ; 
low  concentrations  (dissolved  in  water  and  sorbed  on  soil)  or  as  a  separate  organic 
phase  (resulting  from  a  spill  of  significant  quantities  of  the  chemical).  In  general, 
transport  pathways  of  low  soil  concentrations  can  be  assessed  by  equilibrium 
partitioning,  as  shown  in  Table  32-1.  These  calculations  predict  the  partitioning  of 
naphthalene  among  soils  particles,  soil  water  and  soil  air.  The  portions  of 
naphthalene  associated  with  the  water  and  air  phases  of  the  soil  are  more  mobile 
than  the  adsorbed  portion.  The  estimates  for  the  unsaturated  topsoil  model  indicate 
that  most  of  the  naphthalene  (99%)  is  expected  to  be  sorbed  to  the  soil.  Only  a 
small  amount  (0.5%)  will  be  present  in  the  soil  water  phase  and  available  to  migrate 
by  bulk  transport  (e.g.,  the  downward  movement  of  infiltrating  water),  dispersion  ana 
diffusion.  Very  little  naphthalene  will  be  in  the  gaseous  phase  of  the  soil  (<0.1%). 

In  saturated,  deep  soils  (containing  no  soil  air  and  negligible  soil  organic  carbon), 
a  higher  fraction  of  the  naphthalene  (20%)  is  expected  to  be  present  in  he 
soil-water  phase  (Table  32-1)  and  transported  with  flowing  ground  water. 

32'  12  Sorption  on  SoOs 

The  mobility  of  naphthalene  in  the  soil/ground-water  system  (and  its  eventual 
migration  into  aquifers)  is  strongly  affected  by  the  extent  of  its  sorption  on  soil 
particles.  In  general,  sorption  on  soils  is  expected  to: 

-  increase  with  increasing  soil  organic  matter  content; 

-  increase  slightly  with  decreasing  temperature; 
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TABLE  32-1 

EQUnJBRIUM  PARirnONlNG  CALCULATIONS  FOR  NAPHTHALENE 
IN  MODEL  ENVIRONMENTS* 


Soil  Estimated  Percent  of 

Total  Mass  of  Chemical  in  Each  Comoartment 

Environment 

Soil 

Soil- Water 

Soil-Air 

Unsaturated 

topsoil 
at  25“CV 

99.4 

03 

0.03 

Saturated 

deep  soil* 

80.2 

19,8 

1,  , 

I 


a)  Calculations  based  on  Mackay’s  equilibrium  partitioning  model  (34,  35,  36);  see 
Introduction  for  description  of  model  and  environmental  conditions  chosen  to 
represent  an  unsaturated  topsoil  and  saturated  deep  soil.  Calculated  percentages 
should  be  considered  as  rough  estimates  and  used  only  for  general  guidance. 

b)  Utilized  estimated  soil  sorption  coefficient:  =  962.  (Estimated  by  Arthur  D. 

Little,  Inc.)  | 

c)  Henry’s  law  constant  taken  as  4.82E-04  atm  •  mVmol  at  25'’C  (74). 

d)  Used  sorption  coefficient  (K,!)  calculated  as  a  function  of  assuming  0.1% 
organic  carbon;  K,  =»  0.001  x:  K,*. 


The  available  data  (10,  759,  760)  indicate  that  naphthalene  sorption  onto  soils 
and  sediments  is  a  reversible  process,  and  that  the  kinetics  of  desorption  ere  slower 
than  the  kinetics  of  adsorption.  These  observations  and  the  relatively  high  aqueous 
solubility  of  naphthalene  suggest  that  migration  with  infiltrating  water  may  be  an 
important  transport  process  for  naphthalene. 

-  increase  moderately  vith  increasing  salinity  of  the  soil  water;  and 
•  decrease  moderately  with  increasing  dissolved  organic  matter  content  of  the 
soil  water.  I 

I 

! 

In  a  field  study  of  the  effecU  of  dune  soil  on  the  removal  and  modification  of 
river-borne  organics  during  dune-infiltration  (using  water  from  the  Rhine  River),  Piet 
et  al.  (226)  found  increases  in  the  naphthalene  concentration  after  infiltration.  While 
the  reason  for  the  increase  is  not  known,  and  may  have  been  due  to  some  artifact  of 
the  study,  the  results  do  indicate  that  naphthalene  is  easily  transported  by  infiltrating 
water. 
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Retardation  factors,  which  represent  the  ratio  of  the  interstitial  water  velocity  to 
the  pollutant  velocity  in  the  soil,  have  been  reported  for  naphthalene.  Fu  et  al.  (760) 
report  a  retardation  coefficient  of  23  for  naphthalene  in  soil  columns  containing 
approximately  2%  organic  carbon.  Schwarzenbach  et  al.  (77)  report  the  following 
retardation  factors  for  naphthalene:  16-62  in  river  sediment  (1-2%  organic  carbon); 
2.5-31  in  an  aquifer  close  to  the  river  bed  (0.1-1%  organic  carbon);  and  1-2.5  in  an 
aquifer  far  from  the  river  bed  (<0.1%  organic  carbon).  These  data  indicate  some 
retardation  (i.e.,  adsorption)  in  soils  having  1-2%  organic  carbon,  and  little  or  no 
retardation  in  deep  soils  having  less  than  0.1%  organic  carbon. 

32.2.13  VolatOizatioa  from  Soils 

Transport  of  naphthalene  vapors  through  the  air-CUed  pores  of  unsaturated  soils 
is  a  potentially  important  transport  mechanism  for  near-surface  soils.  In  general, 
important  soil  and  environmental  properties  influencing  the  rate  of  volatilization 
include  soil  porosity,  temperature,  convection  currents  and  barometric  pressure 
changes;  important  physicochemical  properties  include  the  Henry’s  law  constant,  the 
vapor-soil  sorption  coefficient,  and,  to  a  lesser  extent,  the  vapor  phase  diffusion 
coefficient  (31). 

Volatilization  of  naphthalene  from  aqueous  solution  has  been  reported  to  be  a 
significant  removal  process  with  rates  dependent  on  current  and  wind  velocities  (440). 
There  are  no  data  from  laboratory  or  field  tests  showing  actual  soil  volatilization  rates 
for  naphthalene;  sorption  of  the  naphthalene  vapors  on  the  soil  may  slow  the  vapor 
phase  transport. 

The  Henry's  law  constant  (H),  which  provides  an  indication  of  a  chemical's 
tendency  to  volatilize  from  solution,  increases  significantly  with  increasing  temperature 
(28).  Moderate  increases  in  H  are  also  observed  wi'h  increasing  salinity  due  to  ,a 
decrease  in  naphtha'ene’s  solubility  (517). 

3223  Transformation  Processes  in  Soil/GFound-water  Systems 

The  persistence  of  naphthalene  in  soil/ground- water  systems  is  not  well 
documented.  In  most  cases,  ii  should  be  assumed  that  the  chemical  will  persist  for 
months  to  years  (or  more).  Naphthalene  that  has  been  released  into  the  air  will 
eventually  undergo  photochemical  oxidation  (10). 

Naphthalene  under  normal  environmental  conditions  is  not  expected  to  undergo 
hydrolysis  (10).  Furthermore,  naphthalene  is  not  expected  to  be  susceptible  to 
oxidation  or  reduction  reactions  in  the  soil/ground-water  environment.  Photolysis  of 
naphthalene  in  surface  soils  may  occur  due  to  the  high  absorptivities  of  the 
compound  in  the  UV/VIS  range;  however,  no  specific  data  were  available. 

Naphthalene  has  been  reported  to  be  readily  susceptible  to  aerobic 
biodegradation  after  an  initial  period  of  acclimation  (10,  55,  519,  761).  However,  the 
rate  and  extent  of  degradation  vary  considerably  depending  on  environmental 
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conditions.  Certain  pure  and  mixed  cultures  can  apparently  degrade  naphthalene 
under  environmental  conditions.  Biodegradation  in  acclimated  wastewater  treatment 
plants  (e.g.,  activated  sludge)  would  be  expected  to  be  relatively  easy  based  upon  the 
data  of  Tabak  et  al.  (5d).  Lee  (519)  and  Herbes  (761)  have  demonstrated 
biodegradation  in  aqueous  systems  located  near  industrial  sources  of  naphthalene;  the 
highest  degradation  rates  were  reported  in  oil-polluted  areas  or  areas  receiving 
continuous,  input  of  naphthalene.  Naphthalene  does  occur  in  most  soils,  and  soil 
microbes  iiave  been  shown  to  degrade  (aerobic)  some  PAHs  (10).  Schwarzenbach  et 
aL  (77)  report  that  biological  processes  were  responsible  for  the  ’elimination”  of 
naphthalene  during  infiltration  of  river  water  to  ground  water.  However,  in  most 
soil/ground-water  systems  such  aerobic  degradation  would  be  of  minimal  importance 
because  of  the  low  concentration  of  microorganisms  (at  depth)  and  the  low  dissolved 
oxygen  (anaerobic)  conditions.  No  data  are  available  on  the  possibility  of  anaerobic 
bi^egradation. 

3223  Primary  Routes  of  Exposure  Grom  SoQ/Ground-water  Systems 

The  propc.ties  of  naphthalene  and  the  above  discussion  of  fate  pathways  suggest 
that  naphthalene  is  moderately  volatile,  moderately  adsorbed  by  soil,  and  has  a 
moderat  i  potential  for  bioaccumulation.  This  compound  may  volatilize  from  soil 
surfaces.  That  portion  not  subject  to  volatilization  may  migrate  to  ground  water 
panicularly  in  sandy  soils.  These  fate  characteristics  suggest  several  potential 
exposure  pathways. 

Inhalation  exposures  could  result  from  volatilization  of  naphthalene  during 
drilling  or  restoration  activities.  In  addition,  there  is  some  potential  for  ground  water 
contamination,  particularly  in  sandy  soils.  Mitre  (83)  reported  that  naphthalene  has 
been  found  in  12  of  the  546  National  Priority  List  (NPL)  sites.  It  was  detected  at  9 
sites  in  ground  water  and  4  sites  in  surface  water.  Naphthalene’s  properties,  as  well 
as  its  presence  at  NPL  sites  suggest  that  it  has  some  potential  for  movement  in 
soil/ground-water  systems.  This  compound  may  eventually  reach  surface  v’aters  by 
this  mechanism,  suggesting  several  other  exposure  pathways: 

•  Surface  water  may  be  used  as  drinking  water  supplies,  resulting  in  direct 
ingestion  exposure; 

•  Aquatic  organisms  residing  in  these  waters  may  be  consumed,  also  resulting  in 
ingestion  exposure; 

•  Recreational  use  of  these  waters  may  result  in  dermal  exposure; 

•  Domestic  animals  may  consume  or  be  dermally  exposed  to  contaminated 
ground  or  surface  waters;  the  consumption  of  meats  and  poultry  could  then 
result  in  ingestion  exposure. 

In  general,  exposures  associated  with  surface  water  a)ntamination  can  be 
expected  to  be  lower  than  drinking  contaminated  ground  water,  partially  due  to  *he 
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greater  dilution  volume  for  surface  waters.  In  addition,  the  BCF  for  naphthalene  is 
not  high  enough  for  bioaccumulation  to  represent  a  more  significant  source  of 
exposure  than  drinking  water. 

322.4  Other  Sources  of  Ei;pQsure 

Naphthalene  is  commercially  produced  and  used  in  part  as  a  moth  repellent. 

This  use  can  result  in  direct  consumer  exposure.  Estimates  of  bedroom  air 
concentrations  resulting  from  this  use  were  about  7  Mg/m’*  In  addition,  naphthalene 
has  been  reported  in  cigarette  snioke.  Estimated  exposures  range  from  3-300  ng/day, 
depending  on  the  number  of  cigarettes  smoked  (440). 

Ambient  levels  of  naphthalene  in  drinking  water  and  air  appear  to  be  generally 
low  or  below  detection  limits,  and  exposures  would  not  be  significant  as  compared  to 
that  resulting  from  moth  ball  usage  or  smoking  (440).  Brodzinsky  and  Singh  (84) 
compiled  all  available  atmospheric  monitoring  data  for  a  number  of  organics.  For 
naphthalene,  they  had  data  for  106  locations.  In  urban  and  suburban  locations,  the 
m^ian  concentration  was  0.94  ngfm\  In  source-dominated  areas,  the  median 
concentration  was  2.1  ng/m'. 

323  HUMAN  HEALTH  CONSIDERATIONS 

323.1  Animal  Studies 

323.1.1  Cudoogeaidty 

Results  of  two  studies  on  naphthalene  carcinogenicity  via  oral  or  subcutaneous 
routes  indicate  a  negative  response.  The  studies  however,  are  inadequate  for 
assessment  of  carcinogenic  risk.  In  one  study,  rats  were  given  10  g  of  naphthalene 
over  "a  period  of  time."  The  rats  were  followed  for  up  to  1000  days;  none  developed 
tumors  (442).  The  other  study  which  provided  no  indications  of  carcinogenicity  was 
conducted  with  rats  given  a  subcutaneous  injection  of  820  mg  of  naphthalene/rat 
None  of  the  10  rats  developed  tumors  (442).  Another  experiment  indicated  a 
nonstatistically  significant  increase  in  lymphosarcoma  in  rats  given  7  subcutaneous 
injections  of  500  mg/kg.  However,  the  naphthalene  used  contained  10%  of  an 
unknown  impurity  and  carbolfuchsin,  a  known  carcinogen,  was  applied  to  the  injection 
site  prior  to  administration.  A  skin-painting  study  in  mice  produced  lymphocytic 
leukemia  and  lung  adenoma,  but  these  results  are  of  little  significance  with  respect  to 
naphthalene  since  ber.zene,  a  known  carcinogen,  was  utilized  as  the  vehicle  (441). 
Another  negative  response  was  reported  when  strain  A/J  mice  were  exposed  by 
inhalation  to  30  ppm  naphthalene  for  6  hours/day,  5  days/week  for  6  months  and  then 
observed  for  the  presence  of  lung  adenomas  (3007). 

Neither  lARC  nor  the  NTP  has  categorized  naphthalene  with  regard  to  its 
potential  carcinogenicity,  but  NTP  does  have  a  bioassay  underway  which  has 
progressed  to  analysis  of  the  hislopathology. 
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323.0  Genotoiicity 

Naphthalene  was  found  to  be  nonmutagenic  in  g.  coH  and  various  strains  of 
Salmonella  tvphimurium  (443,  444).  In  vitro  cell  transformation  assays  were  also 
negative  (445). 

323.13  Teratogenicity,  Embiyotozidty  and  Reproductive  Efiects 

Hardin  et  al.  (208)  reported  no  adverse  fetal  or  maternal  eflects  in  rats 
administered  395  mg/kg  naphthalene  intraperitoneally  on  days  1-15  of  gestation. 
However,  Harris  et  aL  (3273)  found  retarded  cranial  osssification  and  heart 
development  (P<0.001)  in  Sprague  Dawley  rat  pups  when  dams  were  administered 
395  cig/kg  body  weight  of  naphthalene  intraperitoneally  in  com  oil  on  gestation  days 
1-15.  Plasterer  et  al.  (3563)  gavaged  naphthalene  to  mice  on  days  7-14  of  gestation 
with  a  dose  (300  mg/kg)  considered  to  be  just  below  adult  lethality.  No  gross 
congenital  defects  were  detected  in  neonates.  There  was  a  -ignificant  reduction  in 
number  of  neonate  survivors.  Hardin  et  al.  (3271)  gavage  fed  50  pregnant  mice  with 
300  mg/kg/day.  Ten  of  the  mice  died,  while  the  survivors  had  a  significant  decrease 
in  weight  gain.  There  was  a  significant  decrease  in  number  of  livebom  pups  per 
litter,  but  those  bom  had  normal  birth  weights  and  normal  survival  rates  and  weight 
gain  to  day  3. 

323.1.4  Other  Toxicoiogic  Effects 
323.1.4.1  Short-term  Toxicity 

Ocular  toxicity  is  the  most  common  effect  resulting  from  short-term,  high-level 
exposure  to  naphthalene  in  animals.  Cataracts  and  retinopathy  were  produced  in 
rabbits  fed  1000  mg/kg  daily  for  46  days.  Retinal  changes  were  noted  as  early  as  day 
3  (446).  Weanling  rats  fed  a  diet  of  2%  naphthalene  for  60  days  also  developed 
cataracts  (447).  Grant  (19)  reports  that  nearly  all  parts  of  the  eye  are  affect^  in 
varying  degrees,  with  the  response  differing  from  animal  to  animal.  The  mechanism 
by  which  cataracts  arc  induct  is  thought  to  be  due  to  the  formation  of  reactive 
metabolites  (1,  2-dihydroxynaphth?lene  and  1,  2-naphthoquinone)  in  the  eye  which 
combine  irreversibly  with  thiol  groups  of  lens  protein  (19). 

Curiously,  direct  application  of  a  10%  solution  in  oil  to  the  eyes  or 
intraperitoneal  injection  of  500  mg/day  for  50  days  failed  to  produce  cataracts  in 
rabbits  (446). 

The  lung  also  appears  to  be  a  target  for  naphthalene-induced  toxicity,  with 
bronch.'olar  necrosis  being  observed  in  mice  after  single  intraperitoneal  doses  of  128 
mg/kg;  the  tissue  had  returned  to  normal  with>n  7  days  (449).  O’Brien  et  al.  (3529) 
found  that  there  were  species  differences  when  naphthalene  was  administered 
intraperitoneally  to  mice  and  rats.  An  injection  of  200  mg/kg  to  male  Swiss  T.O. 
mice  resulted  in  severe  lung  damage  compared  with  other  organs,  and  at  doses  of  400 
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and  600  mg/kg,  there  was  also  damage  to  the  cells  in  the  proximal  tubules  of  the 
kidn^.  In  contrast,  doses  as  high  as  1600  mg/kg  caused  no  detectable  pulmonary  or 
renal  damage  in  male  Wistar  rats.  Dogs  experienced  an  83%  drop  in  hemoglobin 
levels  after  receiving  an  oral  dose  of  1800  mg/kg  divided  over  5  days  (450). 

32J.1.4J2  Chronic  Toodoologic  Effects 

A  90-day  feeding  study  of  CD-I  mice  reve.^:ed  no  significant  ocular  or 
hematological  changes.  The  only  sig^iificant  organ  change  was  a  reduction  in  the 
spleen  weight  of  females  but  there  was  no  evidence  of  immunotoxicity  in  any 
treatment  group.  The  dosages  ranged  from  53  to  133  mg/kg/day  (451). 

323.2  Human  acd  Epidemiologic  Effects 

3233.1  Short-term  Toxicotogic  Effects 

Hemolytic  anemia  is  the  most  severe  effect  associated  with  naphthalene  exposure 
and  individuals  with  a  deficiency  of  glucose -6-phosphate  dehydrogenase  (G6PD)  are 
more  susceptible  (54).  G6PD  catalyzes  the  production  of  NADPH,  which  maintains  a 
proper  reducing  environment  inside  the  erythrocytes  (3814).  Without  it,  structural 
and  enzymatic  proteins  function  improperly  and  cells  hemoyze.  G6PD-denciency  is 
most  prevalent  in  blacks,  Orientals  and  individuals  of  Jewish  ancestry,  making  them 
more  susceptible  to  these  effects  (54).  Newborn  infants  are  also  susceptible  to  the 
possible  hemolytic  effects  of  naphthalene  due  to  the  reduced  activity  of  enzyme 
systems  normally  found  in  all  newborn  infants. 

The  lethal  ingested  dose  of  naphthalene  in  non-sensitive  adults  ranges  between  5 
and  15  g  (17).  Ingestion  of  6  g  has  been  sunnVed  but  2  g  ingested  over  a  day  killed 
a  child  (452,  453).  Initial  symptoms  of  ingestion  include  eye  irritation,  headache, 
abdominal  pain  and  nausea  which  may  progress  to  jaundice  and  renal  tubular 
blockade.  Hematologic  features  include  dramatic  decreases  in  hemoglobin,  hematocrit 
and  red  cell  count  (46).  Greater  damage  occurs  when  naphthalene  is  ingested  in 
combination  with  fats  which  facilitate  absorption  and  subs^uent  systemic  effects  of 
naphthalene. 

Naphthalene  is  irritating  to  the  skin  upon  direct  contact  and  a  small  percentage 
of  the  population  may  be  hypersensitive  to  it  In  one  case,  an  individual  develop^  a 
case  of  exfoliative  dermatitis.  A  patch  test  for  naphthalene  proved  positive.  When 
.'naphthalene  exposure  was  discontinued,  the  skin  condition  cleared  rapidly  and  d’d  not 
recur  in  a  3-year  follow-up  period  (454).  Gothing  impregnated  with  naphthalene  has 
caused  skin  rashes  and  systemic  poisoning  in  infants.  Effects  may  have  been 
enhanced  by  the  application  of  baby  oil  to  me  infants’  skin,  thus  increasing  the 
absorption  of  the  highly  lipidsoluble  naphthalene  (455,  56). 

Naphthalene  vapor  causes  eye  irritation  at  15  ppm.  Eye  contact  with  the  solid 
may  result  in  conjunctivitis,  corneal  injury  and  diminished  visual  acuity  (46). 
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There  is  one  report  of  transplacental  naphthalene  poisoning  but  no  details  are 
available  (456). 

3?.3.22  CSmnic  Toxicok)^  Fflccta 

In  the  general  population,  50  cases  of  severe  chronic  effects  have  been  reported 
from  repeated  ingestion  of  a  mixture  of  naphthalene  and  isopropyl  alcohol.  The 
symptoms  resembled  those  of  ethanol  intoxication  and  included  tremors,  restlessness 
and  hallucinations.  The  effects  subsided  in  a  few  days  (457). 

Repeated  inhalation  of  vapors  may  produce  malaise,  headache  and  vomiting  (12). 
In  a  study  of  21  workers  exposed  to  high  concentrations  of  vapors  for  5  years,  8 
developed  peripheral  lens  opacities  (446).  In  other  studies,  no  eye  abnormalities 
occurred  in  workers  exposed  to  naphthalene  for  several  years  (46). 

In  a  single  case  report,  aplastic  anemia  was  found  in  a  68-year-old  black  woman 
who  had  been  exposed  to  moth-proofing  compounds  for  a  period  of  39  years.  It  was 
estimated  that  she  was  exposed  to  184  ppm  of  naphthalene  and  1400  ppm  of  1, 
4-dichlorobenzene.  No  other  cases  of  aplastic  anemia  have  been  attributed  to  either 
of  these  chemicals  alone  or  in  combination  (458). 

3233  Levels  of  Concern 

The  USEPA  has  proposed  an  Oral  Reference  Dose  for  naphthalene  of  410 
Mg/kg/day  (3742). 

Both  OSHA  (3539)  and  the  ACGIH  (3005)  have  set  an  8-hr  TWA  occupational 
exposure  limit  of  10  ppm  and  a  15-min  SIEL  of  15  ppm  for  naphthalene. 

323.4  Hazard  Assessment 

Evaluation  of  the  potent'^l  risks  to  humans  from  exposure  to  naphthalene  is 
hampered  by  the  scarcity  of  quantitative  data  on  carcinojrenic  or  long-term  effects  of 
naphthalene  exposure. 

The  two  major  effects  linked  to  naphthalene  exposure  include  cataract  formation 
and  hemolytic  anemia.  Information  on  the  production  of  cataracts  is  mainly 
anecdotal.  Cataracts  have  been  described  in  workers  exposed  to  high  levels  of 
naphthalene  vapor;  other  studies  have  noted  negative  findings.  The  dose-effect 
relationship  between  naphthalene  and  nemolytic  anemia  also  is  not  clear.  Individuals 
with  relative  deficiencies  in  the  enzymes  needed  to  maintain  reduced  glutathione 
levels,  as  well  as  the  fetus  and  young  infants  (1-2  weeks  old),  appear  at  increased  risk 
to  develop  hemolytic  anemia,  which  can  lead  to  renal  damage. 

The  data  that  are  available  regarding  the  carcinogenicity  of  naphthalene  suggest 
that  the  compound  is  not  carcinogenic.  A  definitive  answer  should  be  possible  once 
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tbe  results  of  the  NIT  bioassy  are  available.  Naphthalene  does  not  appear  to  be 
fenotoxic  but  tests  in  laboratory  animals  have  shown  developmental  toxicity. 

324  SAMPLING  AND  ANALYSIS  CONSIDERATIONS 

Determination  of  naphthalene  concentrations  ;  i  soil  and  water  requires  collection 
of  4  representative  Geld  sample  and  laboratory  analysis.  Care  is  required  to  prevent 
losses  during  sample  collection  and  storage.  ^il  and  water  samples  should  be 
collected  in  amber  glass  containers;  extraction  of  samples  should  be  completed  within 
7  days  of  sampling  and  analysis  completed  within  14  days.  In  addition  to  the  targeted 
samples,  quality  control  samples  such  as  Geld  blanks,  duplicates,  and  spiked  matrices 
may  be  speciGed  in  the  recommeniied  methods. 

EPA-approved  procedures  for  the  analysis  of  naphthalene,  one  of  the  EPA 
priority  pollutants,  in  aqueous  samples  include  EPA  Methods  610,  623,  1623  (63), 
8100,  8250,  and  8310  (63).  Prior  to  analysis,  samples  are  extracted  with  methylene 
chloride  as  a  solvent  using  a  separatory  funnel  or  a  continuous  liquid-liquid  extractor. 
The  semi-volatile  constituents  in  the  concentiated  extract  may  be  separated  by  either 
a  high  performance  liquid  chromatographic  (HPLC)  column  (Methods  610  and  8310), 
or  a  gas  chromatographic  (GC)  column  (Methods  610,  625,  1625,  8230  and  8100); 
naphthalene  is  then  detected  with  an  ultraviolet  detector  (Methods  610/HPLC  and 
8310),  flame  ionization  detector  (Methods  610/GC  and  8100)  or  a  mass  spectrometer 
(Methods  623,  1625,  and  8250). 

The  EPA  procedures  recommended  for  naphthalene  analysis  in  soil  and  waste 
samples.  Methods  81(X),  8250,  and  8310  (63),  differ  from  the  aqueous  procedures 
primarily  in  the  preparation  of  the  sample  extract.  Solid  samples  are  extracted  using 
either  soxhiet  extraction  or  sonication  methods.  Neat  and  diluted  organic  liquids  may 
be  analyzed  by  direct  injection. 

Typical  naphthalene  detection  limits  that  can  be  obtained  in  v  istcwatcrs  and 
non-aqueous  samples  (wastes,  soils,  etc.)  are  shown  below.  The  naphthalene 
detection  limits  for  Methods  610/GC  and  8100  were  not  determin’d.  The  actual 
detection  limit  achieved  in  a  given  analysis  will  vary  with  instrument  sensitivity  and 
matrix  effects. 


Pyi6;.ligp_Li.ntil  Non-Agucow  Detection 

1  ug/g  (Meth<xl  8230) 
1.2  yg'g  (Method  8310) 


1.8  nifL  (Method  610/HPLC) 
1.6  m&T.  (Method  623) 

10  ngfL  (Method  1623) 

16  ufA^  (Method  8250) 

18  ;ig/L  (Method  8310) 
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COMMON 
SYNONYMS: 
l.rOxybis 
(2-cbloro)etliaae 
2-CWoroethyl  ether 
Bis(2-chlorocthyl) 
ether 
DCEE 

DichJoroether 
Dichloroethyl  ether 
i'yni-dichloroethyl 
ether 


CAS  REG.NO.:  FORMULA; 

lll-U-4  C^LOjO 

NIOSH  NO: 

KN0875000 


STRUCTURE: 


a-CHj-CHj-O-CHi-CHj-a 


AIR  WA'  CONVERSION 
FACTOR  at  25*0 

mgiTv?  »  1  ppm; 
0.171  ppm  a  1  mg/m’ 


MOLECULAR  WEIGHT: 
143.02 


REACTIVITY 


Bis(2-chloroethy))ether  is  considered  an  ether  and  a  halo- 
genated  organic  material  for  compatibility  classification 
purposes.  Reactions  of  such  materials  with  cyanides, 
mercaptans  or  other  organic  sulfides  typically  generate  heat, 
while  those  with  mineral  acids,  amines,  azo  compounds, 
hydrazines,  caustics,  or  nitrides  commonly  evolve  heat  and 
toxic  or  flammable  gases.  Reactions  with  oxidizing  mineral 
acids  may  generate  heat,  toxic  gases  and  fires.  Those  with 
alkali  or  alkaline  earth  metals,  certain  other  chemically 
active  elemental  metals  like  aluminum,  zinc  or  magnesium, 
organic  peroxides  or  hydroperoxides,  strong  oxidizing  agents 
or  strong  reducing  agents  typically  result  in  heat  generation 
and  explosions  and/or  fires  (511). 


•  Physical  State:  Liquid  (at  20°C) 

(23) 

•  Colof:  Colorless 

(23) 

•  Odor:  Fruity,  pungent; 

(59,67) 

nauseating 

•  Odor  Threshold:  0.049  ppm 

(384) 

PHYSICO- 

•  Density:  1.2220  g/mL  (at  20®C) 

(23) 

CHEMICAL 

•  Freeze/Melt  Point:  -51.80°C 

(23) 

DATA 

•  Boiling  Point:  178.50°C 

(23) 

•  Flash  Point:  55.00°C  (closed  cup) 

(23) 

•  P.ammable  Limits:  No  data 

•  Autoignition  Temp.:  369.0"C 

(38,60) 

•  Vapor  Pressure:  7,10E-01  mm  Hg 

(67) 

(at  2(rC) 

BIS(2-CHL0R0 


)ETHER 


•  Satd.  Cone,  in  Air;  5.6000E+03 

mg/m’  (at  20“C)  (1219) 

•  Solubility  in  Water:  1.02E+04 

mg/L  (at  2(fC)  (67) 

•  Viscosity:  2.065  cp  (at  25'’C)  (3217) 

PHYSICO-  •  Surface  Tension:  3.7900E+01 

CHEMICAL  dyne/cm  (at  19“C)  (59) 

DATA  •  Log  (Octanol- Water  Partition 

(Cont.)  Coeff.):  1.29  (29) 

•  Soil  AdMrp.  Coeff.:  1.09E+02  (654) 

•  Henry’s  Law  Const.:  1.30E-05 

atm  •  mVmol  at  20“C)  (33) 

•  Bioconc.  Factor:  9.00E-01,  l.lOE+01 

(estim)  (659,495) 


Relatively  mobile  in  soil-water  systems,  primari 

y  with 

infiltrating  or  flowing  groundwater.  Weak  sorption  on 

PERSISTENCE 

soils.  Resistant  to  hydrolysis  and  biodegradatiob. 

IN  THE  SOIL- 

although  may  be  biodegraded  after  acclimation 

period  in 

WATER 

active,  mixed-culture  systems  (e.g.,  sewage  treatment 

SYSTEM 

plants). 

PATHWAYS 

The  primary  pathway  of  concern  from  a  soil-water 
system  is  the  migration  of  bis(2-:hloroethyl)cther  to 
groundwater  drinking  water  supplies;  limited  evidence 

OF 

exists  that  such  migration  has  occurred  in  the  past. 

E.XPOSURE 

Inhalation  via  volatilization  from  surface  soils  liiay  also 

be  important. 

j 
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HEALTH 

HAZARD 

DATA 


Signs  and  Syn:ptoms  of  Siiort-temi  Human  Exposure: 
£54] _ 


Bis(2-chloroethyl)ether  is  irritating  to  the  eyes  and 
respiratory  tract  Vapor  exposure  results  in  irritation, 
lacrimation,  coughing  and  nausea. 

Acute  Toxicitv  Studies: 

• 

INHALATION: 

LCj,  330  ppm  •  4  hours 

Rat  (3504) 

ORAL: 

LDy,  75  mg/kg 

Rat  (59) 

SKIN: 

LDjo  90  mg/kg 

Rabbit  (3504) 

Lone-Term  Effects:  Liver  cell  tumors 

Preenancv/Neonate  Data:  No  data 

Genotoxicitv  Data;  Conflicting  data 

Carcinogenicity  Qassification: 

lARC  -  Group  3  (not  classifiable  as  to  its 


carcinogenicity  to  humans) 

NTP  -  No  data 

EPA  -  Group  B2  (probable  human  carcinogen; 

sufficient  evidence  in  animals  and  inadequate 
evidence  in  humans) 


HANDLING 

PRECAUTIONS 

(38,54,59) 


Handle  chemical  only  with  adequate  ventilation 
•  Vapor  concentrations  of  15-150  ppm:  any  supplied-air 
respirator,  self-contained  breathing  apparatus  or  chemical 
cartridge  respirator  with  organic  vapor  cartridge.  If  eye 
irritation  occurs,  respiratory  equipment  with  full  face- 
pieces  should  be  used  •  150-250  ppm:  any  supplied-air 
respirator  or  self-contained  breathing  apparatus  with  full 
facepiece;  gas  mask  with  organic  vapor  canister;  chemical 
cartridge  respirator  with  full  facepiece  and  organic  vapor 
cartridge  •  Chemical  goggles  if  there  is  probability  of 
eye  contact  •  Impervious  clothi  tg  to  prevent 
prolonged  or  repeated  skin  contact  with  liquids. 
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ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS  AND 

CRITERIA 


AIR  EXPOSURE  LIMITS: 

Standards 

•  OSHA  (8-hr  TWA):  5  ppm  (sldn);  STEL  (15  min):  10  ppm 

•  AFOSH  PEL  (8-hr  TWA):  3  ppm  (skin);  STEL  (15-min):  10  ppm 

Criteria 

•  NIOSH  IDLH  (30  min):  250  ppm 

•  ACOIH  TLV®  (8-hr  TWA):  3  ppm  (skin) 

•  ACGIH  SrEL  (15-min):  10  ppm  (skin) 

WATER  EXPOSURE  LIMITS: 

Drinking  Water  Standards 
None  established 

EPA  Health  Advisories  and  Cancer  Risk  Levels 
None  established 

WHO  Drinking  Water  Guideline 
No  information  available. 

EPA  Ambient  Water  Quality  Criteria 

•  Human  Health  (3770) 

•  Based  on  ingestion  of  contaminated  water  and  aquatic  organisms 
(lE-05.  lE-06.  lE-07  cancer  risk),  0.3  jsg/L,  0.03  ygIL.  0.(X)3  Mg.L. 

-  Based  on  ingestion  of  contaminated  aquatic  organisms  only  (lE-03, 
lE-06,  lE-07  cancer  risk),  13.6  tig/T,  1.36  upL,  0.136  n%fL. 

•  Based  on  ingestion  of  drinking  water  only  (lE-03,  lE-06,  lE-07  cancer 
risk),  0.3  utJL,  0.03  /sg/L,  0.003,  nf/L 

•  Aquatic  Life  (3770) 

Freshwater  species 
acute  toicicity: 

no  criterion,  but  lowest  effect  level  occurs  at  238,000  *ig/L  chloroalkyl 
ethers. 
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ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS  AND 

CRITERIA  (Cont.) 


chronic  toxicity: 

no  criterion  established  due  to  insudlcient  data. 

Saltwater  species 
acute  toxicity: 

no  criterion  established  due  to  insufficient  data, 
chronic  toxicity: 

no  criterion  established  due  to  insufficient  data. 

RETRENCH  DOSES: 

No  reference  dose  available. 


REGULATORY  STATUS  (as  of  01 -MAR-89) 


Promulgated  Regulations 
•  Federal  Programs 

Clean  Waiter  Act  (CWA) 

Bis(2-chlorocthyl)ethcr  is  listed  as  a  toxic  pollutant,  subject  to  genera! 
pretreatment  regulations  for  new  and  existing  sources,  and  to  effluent 
standards  and  guidelines  (.151,  3761).  Effluent  limitations  have  been 
set  for  this  chemical  in  the  electroplating  (1767),  the  steam  electric 
power  generating  (1802),  and  the  metal  finishing  point  source 
categories  (3768).  Limitations  vary  depending  on  the  type  of  plant  and 
industry. 

Safe  Drinking  Water  Act  (SDWA) 

In  states  with  an  approved  Underground  Injection  Control  program,  a 
permit  is  required  for  the  injection  of  bLs(2-chlorocthyl)eihcr-confaming 
wastes  designated  as  hazardous  under  RCRA  (295). 

Resource  Conservation  and  Recovery  Act  (RCRA) 
Bis(2'Chjor<)ethyi)elhcr  is  identified  as  a  toxic  hazardous  waste  (U025) 
and  listed  as  a  haiardoM*  ^.istc  constituent  (3781,  3784).  Waste 
streams  from  the  organic  chemicals  industry  (cpichlorohydrin 
production)  ainlain  bii(2<hlorocthyl)ethcr  and  arc  li-stcd  as  specific 
sources  of  hazardous  wastes  (1774,  3765).  Bi.s(2<h!orocthyl)cthe:  is 
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is  included  cn  EPA’s  ground-water  monitonng  list.  EPA  requires  that 
hazardous  waste  treatment,  storage,  and  disposal  facilities  monitor  their 
ground-water  for  chemicals  on  this  list  when  su'pected  contamination  is 
first  detected  and  annually  thereafter  (3775).  Bis(2-chloroethyl)ether  is 
subject  to  land  disposal  restrictions  when  its  concentration  as  a 
hazardous  constituent  of  certain  wastewaters  exceeds  designated  levels 
(3785).  Effective  July  8,  1987,  the  land  disposal  of  hazardous  wastes 
which  contain  halogenated  organic  compounds  in  total  concentrations 
greater  than  or  equal  to  1000  mg/kg  is  prohibited.  Effective  August  8, 
1988,  the  underground  injection  into  deep  wells  of  these  wastes  is 
prohibited.  Certain  variances  until  May,  1990  for  land  and  injection 
well  disposal  of  some  wastewaters  and  nonwastewaters  for  which  Best 
Demonstrated  Available  Technology  (6DAT)  treatment  standards  have 
not  been  promulgated  by  EPA  (3786). 

Comprehensive  Environmental  Response  Compensation  and  Liability 
M  (CERCLA) 

Bis(2-chloroethyl)ether  is  designated  a  hazardous  substance  under 
CERCLA  It  has  a  reportable  quantity  (RQ)  limit  of  0.454  kg  (3766). 
Reportable  quantities  have  also  been  issued  for  RCRA  hazardous 
waste  streams  containing  bis(2-€hloroethyl)ether  but  these  depend  upon 
the  concentration  of  the  chemicals  in  the  waste  stream  (3766). 
Bis(2-chloroethyl)ether  is  designated  an  extremely  hazardous  substance 
under  SARA  Title  III.  Any  facility  at  which  this  chemical  is  present  in 
excess  of  its  threshold  planning  quantity  of  10,000  pounds  must  notify 
state  and  local  emergency  planning  officials.  If  this  chemical  is 
released  from  the  facility  in  excess  of  its  reportable  quantity  (RQ), 
local  emergency  planning  officials  must  be  notified  (3766).  Under 
SARA  Title  III  Section  313,  manufacturers  processors,  importers,  and 
users  of  bis(2-chlorocthyl)ethcr  must  report  annually  to  EPA  and  state 
officials  their  releases  of  this  chemical  to  the  environment  (3787). 

Marine  Protection  Research  and  Sanctuaries  Act  (MPRSA) 

Ocean  dumping  of  organohalogen  compounds  as  well  as  the  dumping 
of  known  or  suspected  carcinogens,  mutagens  or  teratogens  is 
prohibited  except  when  they  are  present  as  trace  contaminants.  Permit 
applicants  are  exempt  from  these  regulations  if  they  can  demonstrate 
that  such  chemical  constituents  are  non-toxic  and  non-bioaccumu'ativc 
in  the  marine  environment  or  are  rapidly  rendered  harmless  by 
physical,,  chemical  or  biological  proces.scs  in  the  sea  (309). 
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Occupational  Safety  and  Health  Act  (OSHA) 

Employee  exposure  to  bis(2-chk)rocthyl)ether  in  any  8-hour  work-shift 
of  a  40-bour  work-week  shall  not  exc^  an  8-hour  time-weighted 
average  (TWA)  of  5  ppm.  An  employee’s  15-minute  short  term 
exposure  limit  (STEL)  of  10  ppm  shall  not  be  exceeded  at  any  time 
during  a  work-day  (3539). 

Hazardous  Matehals  Transportation  Act  (HMTA) 

The  Department  of  Transportation  has  designated 
bis(2-chloroethyl)ether  as  a  hazardous  material  with  a  reportable 
quantity  of  0.454  kg,  subject  to  requirements  for  packaging,  labeling 
and  transportation  (3180). 

State  Water  Programs 
ALL  STATES 

All  states  have  adopted  EPA  ambient  Water  Quality  Criteria  and 
NPDWRs  (see  Water  Exposure  Limits  section)  as  their  promulgated 
state  regulations,  either  by  narrative  reference  or  by  relisting  the 
specific  numeric  criteria.  These  states  have  promulgated  additional  or 
more  stringent  criteria: 


New  York  has  set  an  MCL  of  5  ng/L  for  bis(2-chloroethyl)  ether  in 
drinking  water,  a  water  quality  standard  oi  1.0  Mg/L  for  ground-water 
used  for  the  drinking  water  supply,  and  a  nonenforceable  guideline  of 
0.03  /ig/L  for  surface  waters  (3501). 

Kansas  has  an  action  level  of  4.2  figfL  for  ground-water  (3213). 


•  Federal  Programs 

,  Resource  Conservation  and  Recovery  Act  (RCRA) 

EPA  has  proposed  that  solid  wastes  be  listed  as  hazardous  in  that  they 
exhibit  the  characteristic  defined  as  EP  toxicity  when  the  TCLP  extract 
concentration  is  equal  to  or  greater  than  0.05  mg/L 
bis(2-chloroethyl)ether.  Final  promulgation  of  this  Toxicity 
Characteristic  Rule  is  expected  in  June,  1989  (1565). 
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State  Water  Programs 

MOST  STATES 

Most  sutes  are  in  the  process  of  revising  their  water  programs  and 
proposing  changes  in  their  regulations  which  will  follow  EPA’s  changes 
when  they  become  final.  Contact  with  the  state  officer  is  advised. 
Changes  are  projected  for  1989-90  (3683). 

MINNESOTA 

Minnesota  has  proposed  a  Recommended  Allowable  Limit  (RAL)  of 
03  /sg/L  for  bis(2-chloroethyl)ether  in  drinking  water  (3451). 


EEC  Directives 

Directive  on  the  Discharge  of  Dangerous  Substances  (535) 
Organohalogens,  carcinogens  or  substances  which  have  a  deleterious 
effect  on  the  taste  and/or  odor  of  human  food  deuved  from  aquatic 
environments  cannot  be  discharged  into  inland  surface  waters, 
territorial  waters  or  internal  coastal  waters  without  prior  authorization 
from  member  countries  which  issue  emission  standards.  A  system  of 
zero-emission  applies  to  discharge  of  these  substances  into  ground- 
water. 

Directive  on  Ground-Water  (538) 

Direct  discharge  into  ground-water  (i.e.,  without  percolation  through 
the  ground  or  subsoil)  of  organohalogen  compounds  and  substances 
which  may  form  such  compounds  in  the  aquatic  environment, 
substances  which  possess  carcinogenic,  mutagenic  or  teratogenic 
properties  in  or  via  the  aquatic  environment,  and  mineral  oils  and 
hydrocarbons  is  prohibited.  Appropriate  measures  deemed  necessary  to 
prevent  indirect  discharge  into  ground-water  (i.c.,  via  percolation 
through  giound  or  subsoil)  of  these  substances  shall  be  taken  by 
memlKr  countries. 

Directive  on  Toxic  and  Dangerous  Wastes  (542) 

Any  installation,  establishment,  or  ui;.  ertaking  which  produces,  holds 
and/or  disposes  of  certain  toxic  and  dangerous  wastes  including  phenols 
and  phenol  compounds;  organic-halogen  compounds,  excluding  inert 
polymeric  materials  and  other  substances  refened  to  in  this  list  or 
covered  by  other  Directives  concerning  the  disposal  of  toxic  and 
dangerous  waste;  chlorinated  solvents;  organic  solvents;  biocides  and 
phyto-pharmaceutical  substances;  ethers  and  aromatic  polycyclic 
compounds  (with  carcinogenic  effects)  shall  keen  a  record  of  the 
quantity,  nature,  physical  and  chemical  characteristics  and  origin  of 
such  waste,  and  of  the  methods  and  sites  used  for  disposing  of  such 
waste. 


mve  Relatine  to  the  Qassificatioa  Pacjcacine  and 


Dangerous  Preparations  ^Solvents')  (544) 

Bis(2i-chloroethyI)ether  is  listed  as  a  Gass  I/a  toxic  substance  and  is 
subject  to  packaging  and  labeling  regulations. 

Directive  on  the  Gassification.  Packaging  and  Labeling  of  Dangerous 


Substances  (787) 

Bis(2|chIoroethyl)ether  is  classified  as  a  toxic  substance  and  is  subject 
to  packaging  and  labeling  regulations. 


Bis(2^hloroethyl)  ether  is  one  of  the  second-category  pollutants  to  be 
studied  by  the  Commission  in  the  programme  of  action  of  the 
European  Communities  on  Environment  in  order  to  reduce  pollution 
and  nuisances  in  the  air  and  water.  Risk  to  human  health  and  the 
environment,  limits  of  pollutant  levels  in  the  environment,  and 
deterrhination  of  quality  standards  to  be  applied  will  be  assessed. 
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33.1  KLJORUSES 

Bis(2-chIoroethyl)ether  is  no  longer  produced  for  sale  in  the  United  States.  The 
companies  producing  it  utilize  it  within  their  own  plants  and  subsidiaries  in  a  variety 
of  proprietary  processes.  Bis(2-chloroethyl)-ether  has  been  used  as  a  soil  fumigant,  a 
solvent,  a  scouring  agent  for  textiles  and  as  an  intermediate  in  the  synthesis  of  divinyl 
ether  and  morpholine  compounds.  It  can  also  be  »ised  to  scavenge  lead  deposits  in 
gasoline  but  apparently  has  never  found  much  commercial  use  in  this  way  (4%). 

33J2  ENVIRONMENTAL  FATE  AND  EXPOSURE  PATHWAYS 

33.2.1  Transport  in  Soil/Ground-water  Systems 

33.2.1.1  Overview 

Bis(2-chloroethyl)ether  may  move  through  the  soil/ground-water  system  when 
present  at  low  concentrations  (dissolved  in  water  and  sorbed  on  soil)  or  as  a  separate 
organic  phase  (resulting  from  a  spill  of  significant  quantities  of  the  chemical).  In 
general,  transport  pathways  for  low  soil  concentrations  can  be  assessed  by  equilibrium 
partitioning,  as  shown  in  Table  33-1.  These  calculations  predict  the  partitioning  of 
bis(2-chloroethyl)ether  among  soil  particles,  soil  water,  and  soil  air.  The  portions  of 
bis(2-chloroethyl)ethsr  associated  with  the  water  and  air  phases  of  the  soil  are  more 
mobile  than  the  adsorbed  portion. 

The  estimates  for  the  unsaturated  topsoii  model  predict  that  most  of  the 
chemical  (95%)  will  be  sorbed  on  the  soil;  a  small  amount  (5%)  of  the  chemical  is 
expected  to  be  present  in  the  soil-water  phase  and  can  thus  migrate  by  bulk  transport 
(e.g.,  the  downward  movement  of  infiltrating  water),  dispersion  and  diffusion.  For  the 
small  portion  of  bis(2<hloroethyl)ether  in  the  gaseous  phase  of  the  soil  (0.007%), 
diffusion  through  the  soil-air  pores  up  to  the  ground  surface,  and  subsequent  removal 
by  wind,  is  possible. 

In  saturated,  deep  soils  (containing  no  soil  air  and  negligible  soil  organic  carbon) 
a  much  higher  fraction  of  the  bis(2-chloroethyl)ether  (69%)  is  likely  to  be  present  in 
the  soil-water  phase  (Table  33-1)  and  transported  with  flowing  ground  water. 

Ground  water  underlying  bis(2<hloroethyl)ether  contaminated  soils  with  low  organic 
content  are  thus  vulnerable  to  pollution  by  the  chemical. 
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TABLE  33-1 

EQUILIBRIUM  PARTITIONING  CALCULATIONS  FOR 
BIS(2-CHLOROETHYL)ETHER  IN  MODEL  ENVIRONMENTS(*) 


Soil 

Estimated  Percent  of  Total  Mass  of  Chemical 

in  Each  Compartment 

Environment 

Soil 

Soil-Water 

Soil-Air 

Unsaturated 
topsoil 
at  20“C^‘ 

95.4 

4.6 

0.007 

Saturated 
deep  soil"' 

31.4 

68.6 

a)  Calculations  based  on  Mackay’s  equilibrium  partitioning  mode  (34,  35,  36);  see 
Introduction  for  description  of  model  and  environmental  conditions  chosen  to 
represent  an  unsaturated  topsoil  and  saturated  deep  soil.  Calculated  percentages 
should  be  considered  as  rough  estimates  and  used  only  for  general  guidance. 

b)  Used  estimated  soil  sorption  coefficient  estimated  with  equation  of  Kenaga  and 
Goring  (655):  K«  =  109. 

c)  Henry’s  law  constant  taken  as  1.3E-05  atm  m’/mol  at  20®C  (33). 

d)  Used  sorption  coefficient  calculated  as  a  function  of  assuming  0.1%  organic 
carbon:  K,  =  0.001  x  K«. 


33.2.0  Sorption  oc  SoQs 

The  mobility  of  bis(2-chloroethy!)ether  in  the  soil/ground  water  system  (and  its 
eventual  migration  into  aquifers)  is  strongly  affected  by  the  extent  of  its  sorption  on 
soil  particles.  In  general,  serption  on  soils  is  expected  to: 

-  increase  with  increasing  soil  organic  matter  content; 

-  increase  slightly  with  decreasing  temperature; 

-  increase  moderately  with  increasing  salinity  of  the  soil  water;  and 

•  decrease  moderately  with  increasing  dissolved  organic  matter  content  of  the 
soil  water. 

Based  upon  its  octanol-water  partition  coefficient  of  19.5,  the  soil  sorption 
coefficient  (K„^)  is  estimated  to  be  109.  This  is  a  relatively  low  number  indicatbe  of 
weak  sorption  to  soils.  This  conclusion  is  in  agreement  with  the  discussion  given  by 
Callahan  et  al.  (10). 
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332.13  Volatflizatioa  from  SoQs 

Transport  of  bis(2-chloroethyl)ether  vapors  through  the  air-filled  pores  of 
unsaturated  soils  is  not  expected  to  be  an  important  transport  mechanism  for 
near-surface  soils  except  for  diy  soils.  There  are  no  data  from  laboratory  or  field 
tests  showing  actual  volatilization  rates  from  soils;  however,  data  from  studies  on  the 
Ohio  River  indicate  volatilization  would  be  unimportant  even  for  losses  from  surface 
waters  (10). 

3322  Transfonnatioa  Processes  in  SoilXjtouod-water  Systems 

The  persistence  of  bis(2-chloroethyl)ether  in  soil/ground-water  systems  has  not 
been  investigated.  In  most  cases,  it  should  be  assumed  that  the  chemical  will  persist 
for  months  to  years  (or  more).  Bis(2-chloroethyl)ether  that  has  been  released  into 
the  air  will  eventually  undergo  photochemical  oxidation;  a  tropospheric  lifetime  on 
the  order  of  4  hours  is  projected  based  on  smog  chamber  data  (10). 

Bis(2-chloroethyl)ether  under  normal  environmental  conditions  is  net  expected  to 
undergo  rapid  hydrolysis.  Two  rough  estimates  of  the  hydrolysis  half-life  of 
bis(2-chl6roethyl)ether  (at  25°C)  are  2  years  and  16  years  (33).  The  first  was  derived 
from  a  hydrolysis  rate  constant  for  bis(2<hloroethyl)ether  in  aqueous  diexane  at 
100"C  (1.5E-05/min);  the  second  was  derived  by  analogy  from  data  on  chemically 
similar  compounds.  A  neutral  hydrolysis  rate  constant  of  4E-06/hr  (equivalent  to  a 
half-life  of  20  years)  was  recommended  based  upon  these  data  (10).  The  hydrolysis 
of  bis(2-chloroethyl)ether  should  be  independent  of  pH  by  analogy  to  other  aliphatic 
hydrocarbons  (10). 

Literature  references  to  microbial  degradation  of  compounds  such  as 
bis(2-chloroethyl)ether  are  few  and  partially  conflicting.  The  general  indications  are, 
however,  that  bis(2-chloroethyl)ether  is  resistant  to  biodegradation.  Two 
biodegradation  studies  were  cited  by  Callahan  (10).  The  first  study  showed  significant 
degradation  of  bis(2<hloroethyl)ether,  which  had  been  added  to  Ohio  River  water 
supplemented  with  sewage  sludge,  after  a  25-30  day  period  of  acclimation.  The 
second  study  showed  no  degradation  of  bis(2<hloroethyl)ether  five  days  after  it  had 
been  added  to  Ohio  River  water.  Dojlido  (675)  also  found  bis(2-chloroethyl)ether  to 
be  a  biologically  inert  substance  under  the  conditions  of  three  tests,  namely;  (1) 
respirometric  measurements;  (2)  river  water  tests;  and  (3)  laboratory  activated  sludge 
units.  By  contrast,  Tabak  et  al.  (55)  reported  that  bis(2-chloroethyl)ether  underwent 
significant  degradation  with  rapid  adaptation  in  a  static  screening  flask  test  using 
BOD  dilution  water  and  settled  domestic  wastewater  as  the  microbial  inoculum. 

Thus,  biodegradation  in  acclimated  wastewater  treatment  plants  is  possible. 

In  most  soil/ground-water  systems,  the  concentration  of  micro-organisms  capable 
of  biodegrading  chemicals  such  as  bis(2-chloroethyl)ether  is  very  low  and  drops  off 
sharply  with  increasing  depth.  Thus,  biodegradation  in  the  soil/ground-water  system 
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should  be  assumed  to  be  of  minimal  importance  except,  perhaps,  in  landfills  with 
active  microbiological  populations. 

No  data  are  available  on  the  possibility  of  anaerobic  biodegradation  of 
bis(2-chloroethyl)ether. 

33.23  Primaiy  Routes  of  Exposure  from  Soft/GrouDd-water  Systems 

The  properties  and  the  above  discussion  of  fate  pathways  suggest  that 
bis(2-chloroethyl)ether  is  moderately  adsorbed,  is  moderately  volatile  and  has  no 
significant  potential  for  bioaccumulation.  This  compound  may  volatilize  from  soil 
surfaces,  but  that  portion  not  removed  by  volatilization  is  likely  to  be  somewhat 
mobile  in  ground  water.  These  fate  characteristics  suggest  several  potential  exposure 
pathways. 

Volatilization  of  bis(2-chloroethyl)ether  from  a  disposal  site,  particularly  during 
drilling  or  restoration  activities,  could  result  in  inhalation  exposures.  In  addition, 
there  is  some  potential  for  ground  water  contamination  (and  drinking  water 
exposure),  particularly  in  sandy  soils.  Mitre  (83)  reported  that  this  compound  has  not 
been  found  at  any  of  the  546  National  Priority  List  (NPL)  sites.  The  reason  for  this 
could  be  that  it  is  not  commonly  disposed  of,  and/or  it  is  not  commonly  analyzed  for. 

The  properties  of  bis(2-chIoroethyl)ether  suggest  that  it  has  ihe  potential  for 
movement  in  soil/ground-water  systems.  If  it  reaches  surface  water  from  a  disposal 
site,  several  other  exposure  pathways  are  possible: 

•  Surface  waters  may  be  used  as  drinking  water  supplies,  resulting  in  direct 
ingestion  exposure; 

•  Aquatic  organisms  residing  in  these  waters  may  be  consumed,  also  resulting  in 
ingestion  exposure; 

•  Recreational  use  of  these  waters  may  result  in  dermal  exposure; 

•  Domestic  animals  may  consu'.e  or  be  dermally  exposed  to  contaminated 
ground  or  surface  waters;  t*  consumption  of  meats  and  poultry  could  then 
result  in  ingestion  exposi  .es. 

In  general,  exposures  associated  with  surface  water  contamination  can  be 
expected  to  be  lower  than  exposures  from  drinking  contaminated  ground  water, 
partially  due  to  the  greater  dilution  volume  in  surface  water.  In  addition,  the  very 
low  BCF  for  bis(2-chloroethyl)ether  suggests  no  significant  potential  for 
bioaccumulation  in  aquatic  organisms  or  domestic  animals. 
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33JL4  Other  Sources  of  Exposure 

There  are  currently  no  data  available  on  other  sources  of  exposure  to 
bis(2-chloroethyl)ether  (495). 


333  HUMAN  HEALTH  CONSIDERATIONS 

333.1  Animal  Studies 

333.1.1  CarciDOgeoicity 

Oral  doses  of  bis(2-ch'oroethyI)ether  have  been  found  to  be  carcinogenic  to  mice 
but  not  to  rats.  Innes  et  al.  (462)  conducted  a  study  in  which  they  administered  100 
mg/kg  bis(2-chloroethyI)ether  to  mice  by  gavage  daily  from  the  seventh  to 
twenty-eighth  day  of  age.  The  dose  was  subsequently  increased  to  300  mg/kg/day  for 
80  weeks.  This  resulted  in  a  significant  incidence  of  liver  cell  tumors  in  the  males. 
Weisburger  et  al.  (497)  reported  negative  results  in  rats  fed  daily  doses  of  25  and  50 
mg/kg  for  78  weeks.  SigniCcant  mortality  was  observed  in  high-dose  females  only. 
There  is  also  a  question  of  whether  the  levels  for  males  were  high  enough.  Norpoth 
et  al.  (3511)  also  reported  no  significant  increase  in  malignant  or  benign  tumors  in 
male  or  female  Sprague-Dawley  rats  following  weekly  s.c.  injections  of  4.36  n  mole 
(0.35  mg/kg/day)  and  13.1  n  mole  (1.06  mg/kg/day)  of  bis(2-chloroethyl)ether.  The 
study  lasted  for  two  years.  As  in  the  above  study,  the  treatment  levels  may  hot  have 
been  high  enough  to  cause  an  effect.  In  addition,  the  authors  comment  that  the 
study  was  somewhat  limited  as  only  the  organs  exhibiting  macroscopic  disorders  were 
examined  histologically.  In  Swiss  mice,  weekly  subcutaneous  injections  of  1  mg 
bis(2-chloroethyl)ether  in  0.05  mL  purified  paraffin  oil  for  22  months  produced  a  low 
incidence  of  sarcomas  at  the  injection  site  (498). 

333.13  Genotoxicity 

Conflicting  data  can  be  found  in  the  Salmonella/microsome  assay.  Weak  positive 
rerults  were  reported  by  Mortelmans  et  al.  (3469)  in  strain  TAIOO  only  with 
activation.  The  other  three  strains  tested  were  negative,  with  or  without  activation. 
Norpoth  et  al.  (3511)  also  reported  weak  positive  results  in  strain  TAIOO  with 
metabolic  activation  in  the  presence  or  absence  of  an  NADPH  generating  system. 
Simmon  and  Tardiff  (3655)  found  bis(2-chloroethyl)ether  to  be  a  strong  mutagen  in 
strain  TAIOO  without  activation,  and  they  observed  a  ten-fold  increase  in  revertants 
when  the  bacteria  were  treated  in  a  desiccator.  No  data  with  activation  were 
presented.  Shirasu  et  al.  (555)  claimed  bis(2-chloroethyl)ether  to  be  a  direct-acting, 
base-change  mutagen  in  various  strains  of  E  coli.  B.  subtilis.  and  S.  tvphimurium. 
Other  investigators  have  reported  negative  results.  No  heritable  translocations  above 
control  values  were  found  in  the  progeny  of  male  mice  given  bis(2-chloroethyl)ether 
daily  by  gavage  at  3  concentrations  (25,  50,  and  100  mg/kg/day)  for  56  consecutive 
days  (3345).  In  addition,  bis(2-chIoroethyl)ether  was  not  mutagenic  in  host-mediated 
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assays  when  given  as  a  single  oral  dose  or  when  administered  for  2  weeks  prior  to  the 
injection  of  S,  tvphimurium  into  the  peritoneal  cavity  (3654). 

33J.U  Teratogenidty,  Embryotoxidty  and  Reproductive  Effects 

No  teratogenicity  data  are  available  for  bis(2-chloroethyI)ether. 

333.1.4  Other  Toxioologic  Effects 

333.1.4.1  Short-term  Toxtdty 

Bis(2-chIoroethyI)ether  is  a  severe  respiratory  and  eye  irritant.  Acute,  high  level 
exposures  cause  narcosis  and  death  in  animals.  Acute  response  at  various  air 
concentrations  has  been  studied  in  the  guinea  pig  and  rat.  Exposure  of  guinea  pigs 
to  continuous  concentrations  of  500  and  1000  ppm  resulted  in  immediate  lacrimation 
and  nasal  irritation  which  were  followed  by  unsteadiness  and  coma.  Death  occurred 
within  5  to  8  hours  due  to  pulmonary  edema  and  hemorrhage.  A  concentration  of 
105  ppm  resulted  in  death  after  10  hours  of  continuous  exposure;  however,  if  limited 
to  one  hour,  no  serious  systemic  effects  resulted  but  eye  and  nose  irritation  were  still 
noted  (551).  Four-hour  inhalation  exposure  to  250  ppm  was  lethal  for  rats.  Three 
rats  exposed  to  1000  pptn  for  45  minutes  died  within  2  weeks  (552). 

One  drop  of  bis(2-chloroethyl)ether  applied  to  rabbit  eyes  caused  mild  transient 
injury  (19).  On  the  skin  of  rabbits,  the  pure  liquid  had  no  local  effect,  but  a 
sufficient  amount  penetrated  the  skin  to  cause  death  within  24  hours  (46). 

333.1.43  Chronic  Toxidty 

Rats  and  guinea  pigs  were  exposed  to  vapor  levels  of  69  ppm  for  93  seven-hour 
exposures,  5  days  per  week  for  130  days.  Only  mild  physiologic  stress  was  noted. 
Microscopic  examination  revealed  no  cellular  lesions  (553). 

3333  Human  and  Epidemiologic  Studies 

3333.1  Short-term  Toxicologic  Effects 

Bis(2-chlorocthyl)ether  is  a  severe  respiratory  and  eye  irritant.  Brief  human 
inhalation  of  500  ppm  caused  intolerable  irritation  to  the  eyes  and  nose  along  with 
coughing,  nausea  and  vomiting.  At  100  ppm.  there  was  some  irritation  while  at  35 
ppm  there  were  no  effects  (551).  Grant  (19)  reports  one  instance  of  a  human 
comeal  bum;  no  details  were  listed.  Death  of  a  wool  industry-worker  presumably 
due  to  inhalation  of  bis(2-chloroethyl)ether  vapor  has  been  reported  by  Elkins  (554). 

A  TLV®  of  5  ppm  is  recommended  to  prevent  eye  and  respiratory  irritation  as  well 
as  lung  injury  (2). 
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333^  Chrooic  TaJcologic  Effects 

It  is  reported  that  repeated  exposures  to  low  concentrations  may  cause  mild 
bronchitis  (38).  No  other  data  are  available. 

3333  Levels  of  Concern 

Based  on  the  evidence  of  liver  tumors  induced  in  mice  administered 
bis(2-chloroethyl)ether,  the  USEPA  has  specified  an  ambient  water  quality  criterion 
for  this  compound  of  zero.  In  that  attainment  of  a  zero  concentration  level  may  be 
infeasible  in  some  cases,  the  concentrations  of  bis(2-€hloroethyl)ether  in  water 
calculated  to  result  in  incremental  lifetime  cancer  risks  of  lE-05,  lE-06  and  lE-07 
from  ingestion  of  both  water  and  contaminated  aquatic  organisms  were  estimated  to 
be  0.3,  0.03  and  0.003  Mg/L,  respectively  (3770).  Risk  estimates  are  expressed  as  a 
probability  of  cancer  after  a  lifetime  consumption  of  two  liters  of  water  per  day  and 
consumption  of  6.5  g  of  contaminated  fish  per  day.  Thus  a  risk  of  lE-05  implies  that 
a  lifetime  daily  consumption  of  two  liters  of  drinking  water  and  6.5  g  of  contaminated 
fish  at  the  criterion  level  of  0.3  ng'L  Lis(2-chloroethyl)ether  would  be  expected  to 
produce  one  excess  case  of  cancer  above  the  normal  background  incidence  for  every 
100,000  people  exposed.  It  should  be  emphasized  that  these  extrapolations  are  based 
on  a  number  of  assumptions  and  should  be  taken  as  crude  estimates  of  human  risk  at 
best 


lARC  (3882)  lists  bis(2-chloroethyl)ether  in  category  3  (insufficient  evidence  of 
carcinogenicity)  in  its  weight-of-evidence  ranking  for  potential  carcinogens.  The 
USEPA  (3879)  lists  bis(2-chloroethyl)ether  as  a  Group  B2  carcinogen  (probable 
human  carcinogen). 

OSHA  (3539)  has  established  an  8-hr  TWA  of  5  ppm  and  a  15-min  STEL  of  10 
ppm  for  bis(2-chloroethyl)ether.  The  ACGIH  (3005)  recommends  a  threshold  limit 
value  of  5  ppm,  set  to  prevent  eye  and  throat  irritation,  as  well  as  lung  injury. 

333.4  Hazard  Assessment 

Oral  administration  of  bis(2<hloroethyl)ether  induced  liver  tumors  in  mice  (462). 
No  carcinogenic  response  was  observed,  however,  in  another  oral  study  conducted 
with  rats  (497).  Basea  on  the  data  for  mice,  the  USEPA  (3749)  calculated  an 
upper-limit  incremental  cancer  risk  of  1.14  (mg/kg/day)  '  for  ingestion  of 
bis(2-chloroethyl)ether. 

A  heritable  translocation  assay  conducted  with  mice  was  negative  (3345). 
Negative  results  were  also  reported  in  a  host-mediated  assay  (3654).  Genotoxic 
responses  have  been  documented  in  various  bacterial  test  systems  (555,  3655,  3469, 
3511).  There  are  no  data  available  regarding  potential  reproductive  toxicity 
associated  with  bis(2-chloroethyl)ether  exposure. 
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Bis(2-chloroethyI)ether  is  a  severe  respiratory  and  Lniant.  Brief  human 
inhalation  exposure  to  500  ppm  caused  intolerable  irritat.  m  lO  the  eyes  and 
respiratory  tract;  no  effects  occurred  at  a  level  of  35  ppm  (551).  Rsfcrence  to 
possible  effects  of  chronic  exposure  to  bls(2-chloroethyl)etiicr  is  limited  to  an 
indication  of  mild  bronchitis  associated  with  repeated,  low-level  exposures  (38).  The 
scarcity  of  health  effects  data  for  either  humans  or  experimental  animals  makes 
estimates  of  dose-response  relationships  uncertain,  particularly  with  regard  to 
long-term,  low-level  oral  exposure. 


33.4  SAMPLING  AND  ANALYSIS  CONSIDERATIONS 

Determination  of  bis(2-chloroethyl)ether  concentrations  in  soil  and  water  requires 
collection  cf  a  representative  field  sample  and  laboratory  analysis.  Care  is  required  to 
prevent  losses  during  sample  collection  and  storage.  Soil  and  water  samples  should 
be  collected  in  glass  containers;  extraction  of  samples  should  be  completed  within  7 
days  of  sampling  and  analysis  completed  within  40  days.  In  addition  to  the  targeted 
samples,  quality  control  samples  such  as  field  blanks,  duplicates,  and  spiked  matrices 
may  be  specified  in  the  recommended  methods. 

EPA-approved  procedures  for  the  analysis  of  bis(2-chloroethyl)ether,  one  of  the 
EPA  priority  pollutants,  in  aqueous  samples  include  EPA  Methods  611,  625,  and  1625 
(65).  Prior  to  analysis,  samples  are  extracted  with  methylene  chloride  as  a  solvent 
using  a  separatory  funnel  or  a  continuous  liquid-liquid  extractor.  An  aliquot  of  the 
concentrated  sample  extracted  is  injected  onto  a  gas  chromatographic  (GC)  column 
using  a  solvent  flush  technique.  The  GC  column  is  programmed  to  separate  the 
semi-volatile  organics;  bis(2-chloroethyl)ether  is  then  detected  with  a  halide  specific 
detector  (Method  611)  or  a  mass  spectrometer  (Method  625  and  1625). 

The  EPA  procedure  recommended  for  bis(2-chloioethyl)ether  analysis  in  soil  and 
waste  samples,  Method  8250  (63),  differs  from  the  aqueous  procedures  primarily  in 
the  preparation  of  the  sample  extract.  Solid  samples  are  extracted  using  either 
soxhist  extraction  or  sonication  methods.  Neat  and  diluted  organic  liquids  may  be 
analyzed  by  direct  injection.  Determinations  are  made  by  gas  chromatography/mass 
spectrometry.  A  screening  procedure  using  capillary  GC  has  also  been  described 
(3356). 

Typical  bis(2-chloroethyI)ether  detection  limits  that  can  be  obtained  in 
wastewaters  and  non-aqueous  samples  (wastes,  soils,  etc.)  are  shown  below.  The 
actual  detection  limit  achieved  in  a  given  analysis  will  vary  with  instrument  sensitivity 
and  matrix  effects. 
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0.3  ngfL  (Method  611)  3.8  ngjg  (Method  8250) 

5.7  ng/L  (Method  625) 

10  ngfL  (Method  1625) 
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N-NITROSODIMErHYLAMINE 


CX>MMON 

SYNONYMS: 

DMN 

DMNA 

DimethylnitrcA- 

amioe 

N-Metbyl-N-nitro*o- 
metbanamine 
,  N-Nitrawdi- 
nKtbylamioe 
NDMA 


CASREG.NOJ  FORMULA; 

62-75-9  CjH*N,0 
NIOSH  NO: 

IQ0525000 


STRUCTURE; 


HjC-N-N-O 

I:h, 


AIR  W/V  CONVERSION 
FACTOR  at  25*0  (59) 

3.03  mg/m*  »  1  ppm; 

033  ppm  «  1  mg/m’ 


MOLECULAR  WEIGHT; 
74.1 


REACTTVrrY 


NDMA  degrades  under  uv  light  (probably  to  diazom¬ 
ethane),  can  be  oxidized  ly  strong  oxidizing  agents  to  the 
nitramine  (dimethySnitramine),  and  can  be  reduced  to  the 
corresponding  hydrazine  or  amine  (l,l-<iimethylhydrazine, 
dimethylamine)(12).  NDMA  is  relatively  resistant  to 
hydrolysis  (3867).  Toxic  fumes  of  NO,  may  be  emitted  if 
NDMA  is  heated  to  decomposition  (3867). 


•  Physical  State:  Liquid 

(23) 

(at  20*C) 

•  Color;  Yellow 

(23) 

•  Odor:  Faint,  characteristic  odor 

•  Odor  Threshold;  No  data 

(59) 

•  Density:  1.0060  g/mL  (at  20“C) 

•  Freeze/Melt  Point;  No  data 

(23) 

PHYSICO- 

•  Boiling  Point:  152.00°C 

(23) 

CHEMICAL 

•  Eash  Point:  No  data 

DATA 

•  Eainmable  Limits:  No  data 

•  Autoignition  Temp.:  No  data 

•  Vapor  Pressure:  8.10  mm  Hg 

(33) 

(at  25'C) 

•  Satd.  Cone,  in  Air:  3.2900E+04 

(1219) 

mg/m’  (at  20®C) 

•  Solubility  in  Water:  Infinite 

(ADL  esiim) 

(at  20*0) 

•  Viscosity;  No  data 
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•  Surface  Tension:  No  data 


PHYSICO¬ 

CHEMICAL 

DATA 

(Cont.) 


•  Log  (Octanol- Water  Partition 
Coeff.):  -0.57 

•  Soil  Adsorp.  Coeff.:  l.lCE-l-01 

•  Henry’s  Law  Const:  3.30E-05 
atm  •  mVmol  fat  25'C) 

•  Bioconc.  Factor:  l.OOE-02  (estim). 


630E-02  (estim) 


(29) 

(654) 

(33) 

(659) 


PERSISTENCE 
IN  THE  SOIL- 
WATER 
SYSTEM 


Relatively  mobile  in  soil-water  systems,  primarily  with 
infiltrating  or  flowing  groundwater.  Weak  sorption  to 
soils.  Volatilization  is  important  in  near-surface,  dry 
soils.  Chemical  is  resistant  to  hydrolysis,  but  may 
undergo  slow  biodegradation. 


PATHWAYS 

OF 

EXPOSURE 


The  primary  pathway  of  concern  from  soil-water  system 
is  the  migration  of  N-nitrosodimethylamine  to  ground- 
water  drinking  water  supplies,  although  there  is  no 
evidence  that  such  migration  has  occurred  in  the  past. 
Inhalation  resulting  from  volatilization  from  surface 
soils  could  occur  in  some  situations.  Human  exposure 
may  also  occur  from  either  food  or  tobacco  smoke. 


HEALTH 

HAZARD 

DATA 


Signs  and  Symptoms  of  Short-term  Human  Exposure: 

f 54,4821 _ 

NDMA  is  highly  toxic  to  the  liver,  inducing  severe 
necrosis.  Systemic  effects  are  characterized  by  nausea, 
wmitirg,  abdominal  cramps,  headache  and  fever. 
Jaundice  and  internal  hemorrhaging  may  also  occur,  and 
coma  and  death  may  follow.  The  liquid  and  vapor  are 
pot  especially  irritating  to  the  eyes  or  skin,  and  warning 
properties  are  poor. 

Acute  Toxicity  Studies: 

INHALATION: 

LCy,  78  ppm  •  4  hr  Rat  (.59) 

ORAL: 

LD^  58  mg/kg  Rat  (3504) 

LDjj  27  mg/kg  Rat  (3504) 

(Range  of  27-41) 
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HEALTH 

HAZARD 

DATA 


Long-Term  EfTects;  Liver  damage  (necrosis),  internal 

hemorrhages _ ^ _ 

Pregnancy/Neonate  Data;  Not  teratogenic  in  animals; 
embrvototic  at  matemallv  tddc  doses:  not  gonadotoxic 
Genotoxidtv  Data:  SuCBcieht  evidence  of  genotoxicitv 
Carcinogenicity  QassiGcatioh: 

lARC  -  Group  2A  (probably  carcinogenic  to  humans) 
NTT  -  No  data 
EPA  -  No  data 


HANDLING 

PRECAUTIONS 

(299) 


Handling  of  NDMA  is  to  be'  conducted  as  outlined  in 
29CFR  1910.1016.  OSHA  recommends  a  half-face,  filter 
type  respirator  in  accordance!  v«th  29CFR  1910.134. 
However,  a  respirator  affording  higher  levels  of 
protection  may  be  substituted.  Full-body  protective 
clothing  and  gloves  should  b^  used 


AIR 


ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS  AND 

CRITERIA  1 


EXPOSURE  LIMITS: 


Standards 

•  OSHA  PEL  (8-hr  TWA):  OSHA  carcinogen  -  all 


tontact  should  be  avoided. 


AFOSH  PEL  (8-hr  TWA):  avoid  all  contact  -  carcinogen 


Criteria 

•  NIOSH  IDLH  (30-min):  NIOSH  has  recommended  that  the  substance  be 

treated  as  a  potential  human  carcinogen  i 

•  ACGIH  TLV  (8-hr  TWA):  avoid  exposure  (A2,  suspected  human 

carcinogen)  (skin)  j 

I 

I 

WATER  EXPOSURE  LIMITS: 

Drinking  Water  Standards 
None  established 

EPA  Health  Advisories  and  Cancer  Risk  Levels  I 

None  established  | 
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ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS  AND 

CRITERIA  (Conu) 


WHO  Drinking  Water  Guideline 
No  information  avaUable. 

EPA  Ambient  Water  Quality  Criteria 

•  Human  Health  (459) 

-  Based  on  ingestion  of  contaminated  water  and  aquatic  organisms 
(lE-05,  lE-06,  lE-07  cancer  risk),  14  ng/L,  1.4  ng/L,  0.14  ng/L 

-  Based  on  ingestion  of  contaminated  aquatic  organisms  only 
(lE-05,  1E06,  lE-07  cancer  risk),  160  ug/L,  16  ug/L,  1.6  ug/L 

•  Aquatic  Life  (459) 

-  Freshwater  species 
acute  toxicity: 

no  criterion,  but  lowest  effect  level  occurs  at  5850  ug/L  of 
nitrosamines. 

chronic  toxicity: 

no  criterion  established  due  to  insufficient  data. 

•  Saltwater  species 
acute  toxicity: 

no  criterion,  but  lowest  effect  level  occurs  at  3300  mg/L  of 
nitrosamines. 

chronic  toxicity: 

no  criterion  established  due  to  insufficient  data. 

REFERENCE  DOSES: 

No  reference  dose  available. 
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REGULATORY  STATUS  (as  of  Ol-MAR-89) 

Promulgated  Regulations 

•  Federal  Programs 

acan  Water  Act  (CWA) 

N-nitrosodimethylamine  is  listed  as  a  toxic  pollutant,  subject  to  general 
pretreatment  regulations  for  new  and  existing  sources,  and  effluent 
standards  and  guidelines  (351,  3763).  Effluent  limitations  specific  to 
this  chemical  have  been  set  in  the  following  point  source  categories: 
electroplating  (3767),  steam  electric  power  generating  (3802),  and 
metal  finishing  (3768).  Limitations  vary  depending  on  the  type  of 
plant  and  industry. 

Resource  Conservation  and  Recovery  Act  (RCRA) 
N-nitrosodimethyiamine  is  listed  as  an  acute  hazardous  waste  (P082) 
and  a  hazardous  waste  constituent  (3783,  3784).  This  chemical  is 
subject  to  land  disposal  restrictions  when  its  concentration  as  a 
hazardous  constituent  of  certain  wastewaters  exceeds  designated  levels 
(3785).  N-nitrosodimethylamine  is  included  on  EPA’s  ground-water 
monitoring  list.  EPA  requires  that  all  hazardous  waste  treatment, 
storage,  and  disposal  facilities  monitor  their  ground-water  for  chemicals 
on  this  list  when  suspected  contamination  is  first  detected  and  annually 
thereafter  (3775). 

Comprehensive  Environmental  Response  Compensation  and  Liability 
Act  (CERCLA) 

N-nitrosodimethylamine  is  designated  a  hazardous  substance  under 
CERCLA.  It  has  a  reportable  quantity  (RQ)  limit  of  0.454  kg  (3766). 
N-nitrosodimethylamine  is  designated  an  extremely  hazardous  substance 
under  SARA  Title  III  Section  302.  Any  facility  at  which  this  chemical 
is  present  in  excess  of  its  threshold  planning  quantity  of  10  pounds 
must  notify  state  and  local  emergency  planning  officials.  If 
n-nitrosodimethylamine  is  released  from  a  facility  in  excess  of  its 
reportable  quantity  (RQ),  local  emergency  planning  officials  must  be 
notified  (3787). 

Marine  Protection  Research  and  Sanctuaries  Act  (MPRSA) 

Ocean  dumping  of  organohalogen  compounds  as  well  as  the  dumping 
of  known  or  suspected  carcinogens,  mutagens  or  teratogens  is 
prohibited  except  when  they  are  present  as  trace  contaminants.  Permit 
applicants  are  exempt  from  these  regulations  if  they  can  demonstrate 
that  such  chemical  constituents  are  non-toxic  and  non-bioaccumulative 
in  the  marine  environment  or  are  rapidly  rendered  harmless  by 
physical,  chemical  or  biological  processes  in  the  sea  (309). 
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Occupational  Safety  and  Health  Act  (OSHA) 

Employee  exposure  to  N-oitrosodimethylamine  should  be  avoided. 

This  chemical  is  designated  an  OSHA  carcinogen.  Detailed  regulations 
esdst  in  29CFR1910.1016  for  areas  'vhere  N-nitrosodimethylamine  is 
manufactured,  processed,  used,  packaged,  released,  handled  or  stored. 
These  include  requirements  for  reporting  maintenance  and 
decontamination  (299). 

Hazardous  Materials  Transportation  Act  (HMTA) 

The  Department  of  Transportation  has  designated  this  chemical  as  a 
hazardous  substance  with  a  reportable  quantity  of  0.454  kg,  subject  to 
requirements  for  packaging,  labeling,  and  transportation  (3180). 

•  State  Water  Programs 

All  states  have  adopted  EPA  Ambient  Water  Quality  Criteria  and 
PDWRs  (see  Water  Exp  jsure  Limits  section)  as  their  promulgated 
state  regulations,  cither  by  narrative  reference  or  by  relisting  the 
specific  numeric  criteria.  These  states  have  promulgated  additional  or 
more  stringent  criteria; 

KANSAS 

Kansas  has  an  action  level  of  0.0014  ^g/L  for  N-nitrosodimethylamine 
in  ground-water  (3213). 

NEW  YORK 

New  York  has  set  an  MCL  of  50  n%fL  in  drinking  water  (3501). 
C>KT.j\HOMA 

Okl;ihoma  has  set  an  enforceable  Toxic  Substance  Goal  of  0.8  ng/L  or 
nitrosamines  in  surface  waters  classed  for  public  and  private  water 
supplies  (3534). 

Proposed  Regulations 

•  Federal  Programs 

No  proposed  regulations  are  pending. 

•  State  Water  Programs 

MOST  STATES 

Most  states  are  in  the  process  of  revising  their  Water  Programs  and 
proposing  changes  in  their  regulations  which  will  follow  EPA’s  changes 
when  they  become  final.  Contact  with  the  state  officers  is  advised. 
Changes  are  projected  for  1989-90  (3683). 

MINNESOTA 

Minnesota  has  proposed  a  Recommended  Allowable  Limit  (RAL)  of 
0.007  ^g/L  for  drinking  water  (3451). 


N-NITROSODIMEniYL\MINE 


Direct  discharge  irto  ground-water  (Le.,  without  percolation  through 
the  ground  or  subsoil)  of  organohalogeo  compounds  and  substances 
which  may  form  such  compounds  in  the  aquatic  environment, 
suDstances  which  possess  carcinogenic,  mutagenic  or  teratogenic 
properties  in  or  via  the  aquatic  envjnament,  and  mineral  oils  and 
hydrocarbons  b  prohibited.  Appropriate  measures  deemed  necessary 
to  prevent  indirect  discharge  into  ground-water  (:.e.,  via  percolation 
through  ground  or  subsoil)  of  these  substances  shall  be  taken  by 
member  countries. 


Organohalogens,  carcinogen  or  substances  which  have  a  deleterious 
effec:  on  the  taste  and/or  odor  of  human  food  derived  from  aquatic 
environments  cannot  be  discharged  into  inland  surface  waters, 
territorial  waters  or  internal  coastal  waters  witliout  prior 
authorization  from  member  countries  which  issue  embsicn  standards. 
A  system  of  zero-emission  applies  to  discharge  of  these  substances 
into  ground-water. 


Any  installation,  establishment,  or  undertaking  which  produces,  holds 
and/br  disposes  of  certain  toxic  and  dangerous  wastes  including 
phenols  and  phenol  compounds;  organic-halogen  compounds, 
excluding  inert  polymeric  maleriais  and  other  substances  referred  to 
in  this  list  or  cxjvercd  by  other  Directives  concerning  the  disposal  of 
toxic  and  dangerous  waste;  chlorinated  solvents;  organic  ss^lvents; 
biocides  and  phyto-pharmaccuticai  substances;  ethers  and  aromatic 
polycyclic  compounds  (with  carcinogenic  effects)  shall  keep  a  record 
of  the  quantity,  nature,  physical  and  chemical  characteristics  and 
origin  of  such  waste,  and  of  the  methods  end  sites  used  for  disposing 
of  such  waste. 
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34.1  MAJOR  USES 

Prioi  to  April  1976,  N-nitrosodimethylamine  (MDMA)  was  used  as  an  inter¬ 
mediate  in  the  production  of  1,1-dimethylhydrazine,  a  liquid  rocket  fuel  believed  to 
have  contained  up  to  0.1%  NDMA  as  an  impurity  (466).  The  chemical  has  also  been 
used  as  an  industrial  solvent,  as  an  antioxidant,  in  lubricanu  and  condensers  to 
increase  the  dielectric  constant,  as  a  nematocide,  as  a  softener  for  copolymers,  as  an 
inhibiter  of  niiriflcation  in  soil,  and  in  active  metal  anode-electrolyte  systems  (high 
energy  batteries)  (3867).  No  cvideivce  was  found  that  NDMA  is  used  at  present, 
except  for  research  purposes  (466). 


342  environmental  FATE  AND  EXPOSURE  PATHWAYS 
342.1  Transport  in  SoOAJround-water  Systrirs 
34JZ.1  1  Overview 

N-Nitrosodimethylamine  may  move  through  the  soil/ground-water  system  when 
present  at  low  concentrations  (dissolved  in  water  and  sorbed  on  soil)  or  ai  a  separate 
organic  phase  (resulting  from  a  spill  of  significant  quantities  of  the  chemical).  In 
gene/al,  transport  pathways  for  low  soil  concentrations  can  be  assessed  by  equilibrium 
partitioning,  as  shown  in  Table  34-1.  These  calculations  predict  the  partitioning  of 
NDMA  among  soil  particles,  soil  water,  and  soil  air.  The  portions  of  NDMA 
assreiated  with  the  water  and  air  phases  of  the  soil  arc  more  mobile  than  the 
ad-sorbed  portion. 

The  estimates  for  the  unsaturated  topsoil  model  predict  that  a  major  fraction 
(68%)  of  the  chemical  will  be  sorbed  on  the  soil;  herwever.  a  substantial  amount 
(32%)  of  the  chemical  is  expected  to  be  present  in  the  soil-water  phase  and  can  thus 
migrate  by  bulk  transport  (c.g..  the  downward  movement  of  infiltrating  water), 
dispersion,  and  diffusion.  For  the  small  portion  of  NDMA  in  the  ga.scoas  phase  of 
the  soil  (0.1%),  diffasion  through  the  soil-air  pores  up  to  the  ground  surface  and 
subsequent  removal  by  wind  wall  lx:  possible. 

in  saturated,  deep  soils  (containing  no  soil  air  and  negligible  soil  organic  carbon), 
a  much  higher  fraction  of  the  NDMA  (96%)  is  likely  to  be  present  in  the  soil-water 
phase  (Table  34-1)  and  transported  with  flowing  ground  water.  Ground  water 
underlying  ND.MA-contaminated  soils  with  low  organic  content  is  thus  vulnerable  to 
pollution  by  the  chemical. 
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TABLE  34-1 

EQUILIBRIUM  PARTTnONING  CALCULATIONS  FOR 
N-inTROSODIMETHYLAMINE  IN  MODEL  ENVIRONMENTS* 
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SoU 

Environment 

Soil 

Soil-Water  Soil-Air 

Unsaturated 

topsoil 

at25“CV 

67.8 

3Z1  0.1 

Saturated 

deep  toil^ 

4.4 

95.6 

a)  Calculations  based  on  Mackay’s  equilibrium  partitioning  model  (34,  35,  36);  see 
Introduction  for  description  of  model  and  environmental  conditions  chosen  to 
represent  an  unsaturated  topsoil  and  saturated  deep  soil.  Calculated  percentages 
should  be  considered  as  rough  estimates  and  used  only  for  general  guidance. 

b)  Utilized  estimated  soil  sorption  coefficient  based  on  equation  given  by  Means  et 
al.  (611):  Kx  =  10.6. 

c)  Henry’s  law  constant  taken  as  3.3E-05  atm  •  nVmol  at  25* *0  (33). 

d)  Used  sorption  coefficient  calculated  as  a  function  of  K,,  assuming  0.1% 
organic  carbon:  K,  =*  0.00!  x 


342.12  Sorption  on  Soils 

The  mobility  of  NDMA  in  the  soil/ground-water  system  (and  its  eventual 
migration  into  aquifers)  is  strongly  affected  by  the  extent  of  its  sorption  on  soil 
particles.  In  general,  sorption  on  soils  is  expected  to: 

•  increase  with  increasing  soil  organic  mattei  content; 
increase  slightly  with  decreasing  temperature; 
increase  moderately  with  increasing  salinity  of  the  soil  water;  and 
decrease  moderately  with  increasing  dissolved  organic  matter  content  of  the 
soil  water. 

Based  upon  its  octanol-water  partition  coefficient  of  0.27,  the  soil  sorption 
coefficient  (K^)  is  estimated  to  be  10.6.  This  is  a  very  low  number  indicative  of  very 
weak  soil  sorption  potential.  In  one  laboratory  test,  the  mobility  of  NDMA  through 
a  column  of  wet  soil  was  found  to  be  equivalent  to  that  of  sodium  chloride,  whose 
ions  are  only  weakly  sorbed  on  soils  (10). 
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34^13  Voladuzatioii  from  Soik 


Transport  of  NDMA  vapors  through  the  air-filled  pores  of  unsaturated  soils  can 
be  an  important  transport  mechanism  for  near-surface  or  dry  soils.  In  general, 
important  soil  and  environmental  properties  influencing  the  rate  of  volatilization 
include  soil  porosity,  temperature,  convection  currents,  and  barometric  pressure 
changes;  important  physicochemical  properties  include  the  Henry’s  law  constant,  the 
vapor-soil  sorptisn  coefficient,  and,  to  a  lesser  extent,  the  vapor  phase  diffusion 
coefficient  (31). 

Laboratory  experiments  using  glass  chambers  were  performed  by  Oliver  (671)  to 
show  that  NDMA  volatilizes  so  rapidly  from  warm  (22®C)  soils  following  surface 
applications  that  30  to  80%  of  the  application  may  be  lost  during  the  first  few  hours. 
Incorporation  of  NDMA  into  the  soil  reduces  the  rate  of  volatilization. 


Because  NDMA  is  infinitely  soluble  in  water,  its  rate  of  volatilization  will  be 
greatly  lowered  jif  significant  amounts  of  water  are  present.  Data  documenting  the 
relatively  slow  rate  of  volatilization  from  surface  waters  are  summarized  by  Callahan 
et  al.  (lli;. 


3433  Transformation  Processes  in  SoDA^round-water  Systems 

The  persistence  of  NDMA  in  soil'ground-water  systems  is  not  well  documented. 
In  most  cases,  i(  should  be  assumed  that  NDMA  will  persist  for  months  to  yeara  (or 
more).  NDMA  that  has  been  released  into  the  air  will  rapidly  undergo  photochemi¬ 
cal  oxidation:  a  tropospheric  lifetime  of  less  than  one  hour  has  been  reported  (10). 


NDMA  under  normal  environmental  conditions  is  not  expected  to  undergo  rapid 
hydrolysis  (10,  3|3).  Only  under  conditions  of  high  temperature  and  low  pH  is  the 
chemical  easily  hydrolyzed  (10). 

Microbial  degradation  of  NDMA  in  soils  appears  possible,  but  not  at  veiy  fast 
rates.  Oliver  eti  al.  (674)  investigated  ;he  degradation  of  nitrosamines  (including 
NDMA)  in  aerobic  soils  and  found  that  they  were  degraded  with  a  half-life  of  about 
three  weeks;  no  degradation  was  seen  in  sterile  soils.  Mallik  and  Tesfai  (673)  also 
investigated  the!  biodegradation  of  NDMA  in  a  variety  of  soils.  In  unamended  sandy 
loam,  17%  of  added  NDMA  was  lost  in  10  days  of  incubation;  no  further  loss  was 
noted  during  the  next  30  days  of  incubation.  Significant  enhancement  of  the 
degradation  was  seen  when  tests  were  run  with  soil  amended  with  wheat  straw  (i.e., 
having  a  higherj  content  of  organic  matter). 

Data  cited  Ly  Callahan  et  al.  (10)  indicate  that  NDMA  is  not  easily  biodegraded 
in  lake  water;  it  appeared  to  be  slowly  degraded  in  sewage,  but  it  was  not  affected  by 
the  anaerobic  organisms  of  bog  .^iments. 
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In  most  soil/ground-water  systems,  the  concentration  of  microorganisms  capable 
of  biodegrading  chemicals  such  as  NDMA  is  very  low  and  drops  off  sharply  with 
increasing  depth.  Thus,  biodegradation  in  the  soil/ground-water  system  should  be 
assumed  to  be  of  minimal  importance  except,  perhaps,  in  landGlls  with  active  micro¬ 
biological  populations. 

34.23  Primary  Routes  of  Exposure  from  SoS/Ground-water  Systems 

The  properties  of  NDMA  and  the  above  discussion  of  fate  pathways  suggest  that 
N-nitro6odimethyK’\mine  is  moderately  volatile,  very  weakly  adsorbed  to  soil,  and  has 
no  significant  potential  for  bioaccumulation.  The  compound  may  volatilize  from  soil 
surfaces,  but  that  portion  not  removed  by  volatilization  is  likely  to  be  mobile  in 
ground  water.  These  fate  characteristics  suggest  several  potential  exposure  pathways. 

Volatilization  of  N-nitrosodimethylamine  from  a  disposal  site,  particularly  during 
drilling  or  restoration  activities,  could  result  in  inhalation  exposure.  In  addition,  the 
potential  for  ground  water  contamination  is  high,  particularly  in  sandy  soils.  Mitre 
(83),  however,  reported  that  this  compound  was  not  found  in  cither  ground  water  or 
surface  water  at  any  of  the  546  National  Priority  List  (NPL)  sites.  The  possible 
explanation  is  that  NDMA  is  not  commonly  disposed  of  or  not  commonly  analyzed 
for. 

In  any  case,  the  properties  of  N-nitrosodimethylamine  suggest  that  it  has  the 
potential  for  movement  in  ground  water.  If  it  reaches  surface  water,  several  other 
exposure  pathways  are  possible: 

•  Surface  water  may  be  ’ised  as  drinking  water  supplies,  resulting  in  direct 
ingestion  exposure; 

•  Aquatic  organisms  residing  in  these  waters  may  be  consumed,  also  resulting 
in  ingestion  exposure; 

•  Recreational  use  of  these  waters  may  result  in  dermal  exposure; 

•  Domestic  animals  may  consume  or  be  dermally  exposed  to  contaminated 
ground  or  surface  waten;  the  consumption  of  meats  and  poultry  could  then 
result  in  ingestion  exposure. 

In  general,  exposures  associated  with  surface  water  contamination  can  be 
cxp*ected  to  be  lower  than  exposure  from  drinking  contaminated  ground  water, 
partially  due  to  the  larger  dilution  volume  common  in  sui’^ace  water.  In  addition,  the 
low  BCF  for  this  compound  suggests  no  signiGcant  potential  for  bioaccumulation  in 
aquatic  organisms  or  domestic  animals. 
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34J2.4  CXher  Sources  of  Human  Eiposuie 

Nitrosamlnes,  including  NDMA,  are  present  in  a  wide  variety  of  food  as  reported 
by  Fine  (757;  and  Scanlan  (758).  Nitrosamines  are  found  mort  commonly  in  cured 
meats,  particularly  cooked  bacon;  beer;  Scotch  whiskey;  some  cheeses,  especially 
Gouda  and  Edam  types;  nonfat  dry  miUt  and  buttermilk;  and  sometimes  &h.  Levels 
of  total  volatile  nitrosamines  are  generally  less  than  5  these  foods  (758). 

The  average  daily  intake  of  volatile  nitiosamines  from  food  is  estimated  to  be  about  1 
^g  per  person  (758).  NDMA  is  also  found  in  rubber  pacifiers  and  baby-bottle 
nippies  and  occasionally  in  cosmetics  (757,  758).  Smokers  are  exposed  to  an  es¬ 
timated  6.5  ng  NDMA  per  cigarette  tom  mainstream  smoke  (758);  undiluted  sidestre¬ 
am  smoke  may  contain  20  to  100  times  as  much  NDMA  as  does  the  mainstream 
smoke  (3871). 

NDMA  does  not  appear  to  be  common  in  either  drinking  water  or  ambient  air 
(757).  Brodzinsky  and  Singh  (84)  compiled  all  available  atmospheric  monitoring  data 
for  a  number  of  organic  compounds,  including  data  on  NDMA  for  404  locations.  In 
rural  and  remote  areas,  the  median  concentration  of  NDMA  was  0.018  the 

median  concentration  in  urban  and  suburban  areas  was  0.028  and  in  source- 

dominated  aieas,  0.012  Mg/m^  Indoor  levels  of  NDMA  measured  in  restaurants  and 
public  places  have  been  between  0.01  and  0.24  /ig/m’  and  are  attributed  primarily  to 
tobacco  smoke  (3871). 


34J  HUMAN  HEALTH  CONSIDERATIONS 
34J.1  Animal  Studies 
343.1.1  Cardnogenidty 

NDMA  is  carcinogenic  in  all  animal  species  tested  inciuding  mice,  rats,  hamsters, 
guinea  pigs,  rabbits,  and  fish.  It  is  carcinogenic  after  single  doses  as  well  as  after 
long-term  administration  by  various  routes,  including  ingestion  and  inhalation. 

NDMA  produces  tumors  primarily  in  the  liver,  kidney,  and  respiratory  tract.  The 
most  significant  studies  will  be  discussed  below;  more  complete  summaries  can  be 
found  in  the  lARC  monograph  (466),  Schut  and  Castonguay  (3873),  and  Magee  el  al. 
(479). 

In  mice,  a  concentration  of  50  mg/L  NDMA  in  drinking  water  for  one  week  was 
sufficient  to  induce  lung  and  kidney  tumors  (484),  and  a  dose  equivalent  to  0.4  mg/kg 
bw  per  day  added  to  drinking  water  (total  dose,  89  mg/kg  bw)  induced  lung  and  liver 
tumors  (485).  A  dose-response  relationship  was  seen  for  lung  tumors  in  mice 
following  a  single  subcutaneous  injection  of  NOMA;  the  responses  ranged  tom  an 
incidence  of  29%  with  1  mg/kg  to  67%  for  a  dose  of  8  nig/kg  (486).  Single  or 
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repeated  injections  (route  not  specified)  of  12.5  to  75  mg/lcg  bw  NDMA  during  the 
last  days  of  pregnancy  resulted  in  lung  adenomas  and  hepatomas  in  the  offspring 
(487). 

In  ratf,  single  oral  or  intraperitoneal  doses  up  to  30  mg/kg  resulted  in  kidney 
tumors  (488,  489).  NDMA  also  induced  a  low  frequency  of  kidney  tumors  in  the 
ofrspring  of  rats  given  a  total  of  1 1  mg  (route  not  specified)  during  pregnancy  (490). 

Rabbits  and  guinea  pigs  fed  diets  containing  25  mg/kg  NDMA  for  6  to  60  weeks 
developed  liver  carcinomas  with  lung  metastases  (491,  492). 

In  rats,  long-term  exposure  to  relatively  low  doses  induced  mainly  liver  tumors, 
whereas  a  single  or  a  few  high  doses  over  a  short  period  induced  mainly  kidney 
tumors  (480).  Kidney  tumors  have  been  induced  in  rats  with  low  doses  of  NDMA 
combined  with  treatments  that  decreased  the  activity  of  NDMA-metabolizing  enzjmes 
in  the  hVer.  These  treatments  included  the  administration  of  carbon  tetrachloride  or 
the  feeding  of  diets  containing  high  carbohydrate  and  low  protein  levels  (466). 

Partial  removal  cf  the  liver  also  led  to  an  increa<;ed  tumor  incidence  in  rats  given 
intraperitoneal  injections  of  10  mg/kg  NDMA  The  incidence  was  greatest  (43%) 
when  NDMA  was  administered  24  hours  after  surgical  removal  of  part  of  the  liver,  as 
opposed  to  72  or  ^  hours  later,  when  the  incidences  were  28%  and  12%,  respec¬ 
tively  (493). 

lARC  (3869)  lists  NDM/  in  Group  2A  (probably  carcinogenic  to  humans)  in  its 
weight-of-evidence  ranking  for  po'ential  carcinogens. 

343.12  Genotqxidty 

In  the  presence  of  metabolic  activation,  N-nitrosodimethylamine  (NDMA)  is 
genotoxic  in  bacteria  and  yeasts  (467,  3276,  3870).  There  is  a  correlation  between 
the  ability  to  produce  mutations  in  S.  tvnhimtin'um  G-46  and  susceptibility  for  kidney 
tumors  in  different  strains  ot  mice  (468).  NDMA  injected  subcutaneously  into  mice 
at  doses  of  30  or  300  mg/kg  bw  was  mutagenic  in  a  blood-mediated  assay  in  which  E. 
coli  K-12  cells  were  injected  intravenously  (469).  Chromosome  aberrations  were 
found  in  Chinese  hamster  liver  cells  and  rat  lymphocytes  after  intraperitoneal 
injections  of  the  animals  with  5  g'kg  and  30  mgykg,  respectively  (470,  471),  and 
mutations  ‘o  ouabain  resistance  were  increased  in  Chinese  hamster  V79  cells  cultured 
in  the  precence  of  NDMA  (3389).  Cultured  mouse  lymphoma  cells  showed  a  dose- 
dependent  mutagenic  response  at  the  thymidine  kinase  locus  after  treatment  with  this 
agent  (3020).  Hsu  et  al.  (3868)  demonstrated  that  human  hepatocytes  in  vitro  can 
activate  NDMA  and  releare  mutagenic  metabolites  (as  indicated  by  mutagenicity  in 
Chinese  hamster  V7?  cells)  as  effectively  as  mouse  or  rat  hepatocytes. 

A  significant  increase  in  sister  chromatid  exchanges  was  observed  in  femoral  bone 
marrow  cells  of  male  mice  injected  with  NDMA  24  hours  prior  to  sacrifice  (3550). 
Inoue  et  al.  (3324)  observed  significant  increases  in  sister  chromatid  exchanges  in 
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human  lymphocytes  when  whole  blood  was  treated  with  NDMA  for  one  hour;  this 
increase  was  seen  only  in  the  presence  of  metabolic  activation.  Subcutaneous  doses 
of  4.4  mg/kg  NDMA  in  mice  produced  a  significant  increase  in  dominant  lethal 
mutations,  as  determined  by  the  number  of  dead  implants  (474). 

Unscheduled  DNA  synthesis  has  been  observed  in  cultured  human  fibroblasts  and 
isolated  rat  hepatocytes  following  treatment  with  NDMA  (472,  473)  and  in  hepato- 
cytes  of  rats  administered  NDMA  by  gavage  two  hours  prior  to  sacrifice  (3455). 

Small  sections  of  human  gingiva  treat^  in  organ  culture  with  NDMA  for  2  hours 
showed  a  dose-dependent  increase  in  unscheduled  DNA  synthesis  (3318).  SigniGcant 
amounts  of  7-methylguanine  and  0(6)-methylguanioe  were  observed  in  human  liver 
samples  from  a  case  of  probable  NDMA  poisoning,  while  no  detectable  methylated 
purines  were  found  in  control  uses  (deaths  from  Reye’s  syndrome  or  methyl  bromide 
poisoning)  (3287);  these  Ondings  provide  evidence  that  NDMA  can  cause  alkylation 
of  purines  in  vivo. 

34J.13  Teratogenkaty,  Embryotasidty  aiKi  Reproductive  Effects 

NDMA  is  embryotoxic  but  not  teratogenic  in  rats.  Single  oral  or  intraperitoneal 
doses  of  30  mg/kg  or  20  mg/kg  given  intravenously  to  pregnant  rats  caused  an 
increase  in  fetal  mortality,  particularly  when  given  on  days  3,  9,  10  or  12  of  gestation 
(476).  Intraplacental  injections  of  0.1  to  0.3  mg  NDMA  on  gestational  day  13 
resulted  in  the  death  of  all  rat  embryos  (477). 

In  the  Russian  literature,  Andropova  et  al.  (3028)  reported  embryotoxicity  in  rats 
exposed  to  NDMA  by  single  oral  administration  of  0.01  to  14  mg/kg  or  inhalation  of 
0.1  mg/m’  for  4  months,  in  agreement  with  their  available  literature.  Exposure  to 
NDNl  A  by  inhalation  of  0.014  mg/m’  for  4  montlis  had  no  effect  on  some  generations 
of  animals  and  was  not  gonadotoxic. 

The  acute  toxic  effect  of  NDMA  has  been  found  to  be  greater  in  pregnant  than 
nonpregnan*  rats,  and  especially  so  near  the  end  of  pregnancy.  Significant  serological 
and  histopathological  changes  were  observed  in  pregnant  Ilolzman  rats  given  single 
oral  doses  of  15  or  20  mg/Kg  NDMA  during  days  7  through  18  of  gestation.  These 
changes  iiicluded  increased  BUN,  SGOT,  triglyceride,  and  'lorganic  phosphorus 
levels,  as  well  as  increased  liver  weights.  Deceases  were  observed  in  kidney,  adrenal, 
and  thyroid  weights  and  also  in  the  levels  of  scrum  cholesterol  and  glucose.  None  of 
these  effects  was  observed  in  non-pregnant  controls  administered  the  same  doses. 

The  treatment  was  not  lethal  to  nonpregnant  rats  or  to  pregnant  rats  up  to  day  16  of 
pregnancy.  However,  oral  doses  of  15  and  20  mg/kg  on  day  18  resulted  in  death 
rates  of  9.4  and  35.3%,  respectively  (478). 

In  a  sister-chromatid  exchange  (SCE)  and  cell  replication  kinetics  study  con¬ 
ducted  by  Sharma  et  al.  (3637),  NDMA  induced  significant  increases  (p  <  0.001)  in 
SCEs  in  bc;th  maternal  and  fetal  cells  following  ip  exposure  to  20,  40,  60,  or  100 
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mg/kg  NDMA  on  gestational  day  13.  The  maternal  and  fetal  cells  also  showed  a 
significant  heterogeneity  among  doses  with  respect  to  the  number  of  Ml,  M2,  and 
M3  cells. 

343.1.4  Other  Toadcoiogic  Ffffrts 

343.1.4.1  Short-term  Toxicity 

Dialkylnitrosamines  such  as  NDMA  are  characteristically  liver  toxins.  The 
relationship  between  structure  and  acute  toxicity  is  not  fully  understood,  but  toxicity 
appean  to  decrease  with  chain  length.  Thus,  I^MA  is  the  most  toxic  of  these 
compounds,  having  an  oral  LDj,  between  27  and  58  mg/kg  in  rats  (482,  3872).  The 
major  toxic  effect  in  various  species  arises  from  severe  centriiobular  necrosis  of  the 
liver  (479).  Single  doses  of  20  to  40  mg/kg  have  produced  severe  liver  damage  in 
rats,  dogs,  rabbits,  and  guinea  pigs.  Mink  appear  to  be  especially  sensitive  to  NDMA. 
experiencing  wide-spread  liver  degeneration  and  necrosis  of  hepatocytes  after  being 
fed  a  diet  containing  2.5  to  5  mg/kg  NDMA  for  7  to  11  days.  Sheep  and  cattle  have 
been  found  to  be  more  sensitive  than  laboratory  animals  to  the  toxic  effects  of 
NDMA.  Sheep  given  a  single  dose  of  5  mg/kg  or  12  doses  of  0.5  mg/kg  either  died 
or  were  severely  affected  with  respiratory  difficulties.  Cattle  given  daily  doses  of 
0.1  mg/kg  NDMA  showed  pronounced  hepatotoxic  ejects  in  1  to  6  months  (480). 
Other  organs  in  animals  are  much  less  severely  affected  by  NDMA  than  is  the  liver. 
The  main  features  of  NDMA  tcxicity  are  peritoneal  and  pleural  exudates,  which  may 
contain  a  high  proportion  of  blood.  There  is  also  a  tendency  to  hemorrhage  into  the 
lungs  and  other  organs.  In  protein-deficient  rats,  there  may  be  detectable  necrosis  of 
the  testes  or  renal  tubules  (479). 

Inhalation  LC«,  values  of  57  ppm  x  4  hr  and  78  ppm  x  4  hr  have  been  reported 
for  the  mouse  and  rat,  respectively  (12,  3872). 

343.1.43  Chronic  Toxidty 

When  chronically  exposed  to  nitrosamines,  rats  and  other  experimental  animals 
exhibit  various  pathological  changes  of  the  liver,  inc!  rling  biliary  hyperplasia  and 
fibrosis  (479).  Chronic  administration  of  NDMA  induces  tumors  in  the  liver  and 
other  organs  (sec  34.3.1.1,  Carcinogenicity). 

3433  Human  and  Epidemioiogic  Studies 

3433.1  Short-term  Toxicologic  Effects 

The  effects  of  human  exposure  to  NDMA  were  first  reported  by  Freund  in  1937 
(481).  He  descp’bed  illness  in  2  workers  who  were  engaged  in  NDMA-production. 
They  developed  headaches,  drowsiness,  backache,  abdominal  cramps,  nausea, 
weakness,  and  giddiness.  After  repeated  exposures,  one  of  the  workers  developed 
ascites  (accumulation  of  fluid  in  the  abdominal  cavity)  and  jaundice.  He  left  his  job, 
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but  continued  to  be  fatigued  for  many  months.  Tbe  other  worker  inhaled  more 
NDMA  fumes  while  cleaning  up  a  spill.  Six  days  after  exposure,  he  developed 
abdominal  cramps  and  distention  and  became  jaundiced.  He  died  8  weeks  after  the 
onset  of  illness.  Autopsy  revealed  extensive  necrosis  of  the  liver  and  hemorrhages 
throughout  the  small  intestine,  trachea,  and  bronchi. 

In  a  case  of  NDMA  poisoning,  5  family  members  became  ill  within  a  few  hours 
of  ingesting  lemonade  intentionally  contaminated  with  NDMA.  Symptoms  of 
gastrointestinal  illness  persisted  for  several  days.  Three  of  the  victims  recovered 
within  16  days.  The  remaining  two  victims,  males  aged  11  months  and  24  years, 
became  comatose  and  died  within  5  days.  Autopsies  revealed  extensive  hepatic 
necrosis  and  hemorrhages  throughout  the  lungs,  gastrointestinal  tract,  and  brain.  The 
lethal  doses  were  estimated  to  be  1.3  g  for  the  adult  and  300-400  mg  for  the  child 
(482). 

It  must  be  emphasized  that  NDMA  is  a  highly  toxic  compound  and  that  exposure 
to  it  by  any  route  should  be  avoided.  It  has  been  suggested  that  vapor  levels  of  250 
mg/m’  (82  ppm)  be  considered  clearly  dangerous  (12). 

34J.2.2  Chrcmic  Toxiootogic  Effects 

One  case  of  long-term  human  ingestion  of  NDMA  has  been  reported  (483, 

3865).  The  victim  received  repeated  doses  of  200-300  mg  NDMA  at  5  month 
intervals.  The  initial  symptoms  were  gastrointestinal  in  nature.  Within  2  years,  she 
developed  anemia,  jaundice,  and  symptoms  of  progressive  liver  disease.  Three  years 
after  the  initial  onset  of  symptoms,  she  died  of  pulmonary  edema  and  cardiac 
Gbrillation  secondary  to  hyperkalemia  (increased  serum  potassium)  due  to  a  hemolytic 
crisis.  Autopsy  revealed  both  cirrhosis  and  hemorrhages  in  the  trachea  and  intestines. 
This  case  is  notable  because  the  cirrhosis  seen  was  of  the  periportal-type  as  opposed 
to  the  centrilobular  type  usually  seen  after  NDMA  poisoning  (483).  TTie  estimated 
total  dose  in  this  case  was  less  than  1.5  g;  the  mean  daily  dose  was  probably  less  than 
50  fig/kg  (3865). 

3433  Levels  of  QxKem 

Based  on  the  evidence  of  liver  tumors  induced  in  rats  administered  NDMA  the 
USEPA  has  specified  an  ambient  water  quality  criterion  for  this  compound  of  zero. 
Because  attainment  of  a  zero  concentration  level  may  be  infeasible  in  some  cases, 
estimates  were  made  of  the  concentrations  of  NDMA  in  water  expected  to  result  in 
incremental  lifetime  cancer  risks  of  lE-05,  lE-06,  and  lE-07,  from  ingestion  of  both 
water  and  contaminated  aquatic  organisms.  These  values  are  14,  1.4,  and  0.14  ng/L, 
respectively  (459).  Risk  estimates  are  expressed  as  the  probability  of  cancer  after  a 
lifetime  consumption  of  two  liters  of  water  per  day  and  consumption  of  6.5  g  of 
contaminated  fish  per  day.  Thus  a  risk  of  lE-05  implies  that  a  lifetime  daily  con¬ 
sumption  of  two  liters  of  drinking  water  and  6.5  g  of  contaminated  fish  at  the 
criterion  level  of  14  ng/L  NDMA  would  be  expected  to  produce  one  excess  case  of 
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cancer  above  the  normal  background  incidence  for  every  100,000  people  exposed.  It 
should  be  emphasized  that  these  extrapolations  e^e  bas^  on  a  number  of  assump¬ 
tions  and  should  be  taken  as  crude  estimates  at  best  of  the  true  risk  to  humans. 

lARC  (3869)  lists  MDMA  in  Group  2A  (probably  carcinogenic  to  humans)  in  its 
weight-of-evidence  ranking  for  potential  carcinogens. 

OSHA  (3539)  and  the  ACXjIH  (3005)  list  NDMA  as  a  suspect  human 
carcinogen;  ^  contact  with  NDMA  should  be  avoided. 

343.4  Hazard  Assessment 

NDMA  is  carcinogenic  in  all  animal  species  tested  and  has  induced  tumors  of  the 
liver,  kidney,  and  respiratory  tract  when  administered  by  various  routes.  The  com¬ 
pound  has  been  shown  to  be  carcinogenic  after  single  doses  to  experimental  animals, 
and  animals  have  developed  cancers  following  prenatal  exposure  to  it.  Although  no 
data  are  available  linking  human  exposure  to  NDMA  with  carcinogenic  effects,  for 
practical  purposes  NDMA  should  be  regarded  as  a  human  carcinogen. 

NDMA  is  mutagenic  in  bacteria,  yeast  and  mammalian  cells.  Fetotoxic  but  not 
teratogenic  effects  have  been  noted  in  rats. 

NDMA  is  highly  toxic  to  the  liver,  inducing  severe  centrilobular  necrosis  along 
with  internal  bleeding,  ascites,  and  jaundice  in  most  tested  species. 

Systemic  effects  in  humans  are  characterized  by  nausea,  vomiting,  abdominal 
cramps,  and  diarrhea:  headache,  fever,  weakness,  enlargement  of  the  liver,  and 
jaundice  may  also  occur.  There  have  been  several  cases  in  humans  of  severe  liver 
injury  following  exposure  to  this  compound. 


34.4  SAMPLING  AND  ANALYSIS  CONSIDERATIONS 

Determination  of  N-nitrosodimethylamine  concentrations  in  soil  and  water 
requires  collection  and  laboratory  analysis  of  representative  field  samples.  Care  is  re¬ 
quired  to  prevent  losses  during  sample  collection  and  storage.  Soil  and  water  samples 
should  be  collected  in  amber  glass  containers;  e.rtraction  of  samples  should  be 
completed  within  7  days  of  sampling  and  analysis  within  40  days.  In  addition  to  the 
targeted  samples,  quality  control  samples  such  as  field  blanks,  duplicates,  and  spiked 
matrices  may  be  specified  in  the  recommended  methods. 

EPA-approved  procedures  for  the  analysis  of  aqueous  samples  of  N-nitrosodi¬ 
methylamine,  an  EPA  priority  pollutant,  include  EPA  Methods  607,  625,  and  1625 
(65).  Prior  to  analysis,  samples  are  extracted  with  meti  ne  chloride  using  cither  a 
separatory  funnel  or  a  continuous  liquid-liquid  extractor.  An  aliquot  of  the  con¬ 
centrated  sample  extract  is  injected  onto  a  gas  chromatographic  (GC)  column  using  a 
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solvent  flush  technique.  The  GC  column  is  programmed  to  separate  the  semi-volatile 
organic  compounds;  N-m'tro6odimethylamine  is  then  detected  with  a  nitrogen-phos- 
pbonis  detector  (Method  607)  or  a  mass  spectrometer  (Methods  625  and  1625).  A 
method  based  on  the  conversion  of  the  nitrosamine  to  N02  with  subsequent  detec¬ 
tion  by  chemiluminescence  has  also  been  described  (3107). 

The  EPA  procedure  recommended  for  the  analysis  of  N-nitrosodimethylamine  in 
soil  and  waste  samples,  Method  8250  (63),  differs  from  the  procedures  for  aqueous 
samples  primarily  in  the  preparation  of  the  sample  extract  Solid  samples  are 
extracted  using  either  soxhlet  extraction  or  sonication  methods.  Neat  and  diluted 
organic  liquids  may  be  analyzed  by  direct  injection.  Determinations  are  made  by  mass 
spectrometry.  It  has  been  noted  that  N-nitrosodimethylamine  may  be  difficult  to 
separate  from  the  solvent  using  the  prescribed  column  conditions  described  in 
Method  8250  (63). 

Another  method  for  the  determination  of  this  compound  is  based  upon  gas 
chromatography  and  fourier  transform  infrared  spectrometry  (GC-FTIR)  (3257). 
Methylene  chloride  extracts  of  the  waste  sample  are  concentrated  and  analyzed  by 
either  packed  or  capillary  GC  The  extracts  may  also  be  cleaned  up  by  gel  permea¬ 
tion  to  reduce  background  and  maintain  high  identification  limits. 

Typical  N-nitrosodimethylamine  detection  limits  that  can  be  obtained  in  waste- 
waters  and  non-aqueous  samples  (wastes,  soils,  etc.)  are  shown  below.  The  detection 
limit  for  N-nitrosodimethylamine  with  Method  625  was  not  determined.  The  actual 
detection  limit  achieved  in  a  given  analysis  will  vary  with  instrument  sensitivity  and 
matrix  effects. 


]ueous  Detection  Limit 


:>n  Aoueous  Detection  Limit 


I 


0.i5  tig/L  (Method  607) 
50  /ig/L  (Method  1625) 


1  ;ig/g  (Method  825C) 
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COMMON 

SYNONYMS: 

Diphenyl-N-niiroiO- 

amiDC 

Dipbenytniiroiamine 
N-Niiroio-N -phenyl - 
benzamine 
N-NitroiO-N-phenyl- 
aniline 


CAS  REG  NO: 

86-30-4 
mOSI?  NO: 
JJ9800000 


FORMULA; 

C«H^,0 


STRUCTURE; 


AIR  WA'  CONVERSION 
FACTOR  at  25'‘C  (12) 

8.09  mg/tn’  a  1  ppm; 

0 1236  ppm  as  i  mg/m’ 


MOLECULAR  WEIGHT: 
198.24 


N-Nitroaodiphenyl- 

amine 


N-N-O 


NDPA 

NDPHA 


REACTIVITY 


N-nitrosodiphenylamine  may  underro  trans-nitrosation 
reactions  with  secondary  amines  to  convert  them  to 
N-nitrosamines.  NDPA  is  probably  degraded  under  uv  light 
(photolysis).  Technical  grades  of  NDPA  may  decompose  at 
temperature  above  SS'C  to  produce  oxides  of  nitrogen. 


PHYSICO¬ 

CHEMICAL 

DATA 


Physical  State:  Solid,  crystalline 
(at  20*C) 

Color:  Yellow  to  green 
Odor:  No  data 
Odor  Threshold:  No  data 
Density:  1.2300  g'mL  (at  20®C) 
Freeze/Melt  Point:  66.50°C 
Boiling  Point:  No  data 
Flash  Point:  No  data 
Flammable  Limits:  No  data 
Autoignition  Temp.:  No  data 
Vapor  Pressure:  6.30E-04  mm  Hg 
(at  25‘‘C) 

Satd.  Cone,  in  Air:  7.0  mg/m’ 

(at  20*0 

Solubilitv  in  Water:  1.13E+02  mg/L 
(at  25*C) 

Viscosity:  No  data 

Surface  Tension:  No  data 

Log  (Octanol-Watcr  Partition  Coeff.):  3.13 


(23) 

(23,460) 


(59) 

(59) 


(1219) 

(1219) 

(1219) 

(29) 
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PHYSICO- 

•  Soil  Adsorp.  Coeff.:  6.50E+02 

(652) 

CHEMICAl. 

•  Henry's  Law  Const.:  1.40E-06 

(1219) 

DATA 

atm  •  mVmol  (at  25“C) 

(Cont.) 

•  Bioconc.  Factor:  6.50E+01  (estim), 

(659,459) 

2.17E+02  (blucgill) 

PERSISTENCE 
IN  THE  SOIL- 
WATER 
SYSTEM 


Relatively  mobile  in  soil-water  systems,  primarily  with 
infiltrating  or  flowing  groundwater.  Moderately  strong 
sorption  to  soils.  Chemical  is  resistant  to  hydrolysis  but 
may  undergo  slow  biodegradation. 


PATHWAYS 

The  primary  pathway  of  concern  from  the  soil-water 
$>’stem  is  the  migration  of  NDPA  to  groundwater 
drinking  water  supplies,  although  there  is  no  evidence 

OF 

that  such  migration  has  occurr^  in  the  past.  Inhalation 

EXPOSURE 

resulting  from  volatilization  from  surface  soils  could 

occur  in  some  situations. 

and  Symptoms  of  Short-term  Human  Exposure: 


No  data  are  available  regarding  human  exposure;  animal 
data  are  also  sparse. 


Acute  Toxicity  Studies: 


HEALTH 

HAZARD 

DATA 


ORAL: 

LDy,  1650  mgicg 
LD(o  3850  mg,'lcg 
LDjo  3000  mg-ltg 


Rat  (47) 
Moasc  (3504) 
Rat  (3504) 


Long-Term  Effects:  Possible  liver  damage _ 


Pregnanev/Neonate  Data:  No  data 


Genotoxicitv  Data:  Predominantlv  neeative 


Carcinogenicity  Qassification: 
lARC-  Group  3  (not  classifiable  as  to  its 
carcinogenicity  to  humans) 

NTP  -  Positive  evidence  for  rats,  negative  for  mice 
EPA  -  No  data 
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HANDLING 
PRECAL  nONS 


Handle  chemical  only  with  adequate  ventilation 

•  There  are  no  formal  guideluies  available  for  this 
chemical  with  respect,  to  respirator  use.  Use  a  self- 
contained  breathing  apparatus  with  a  full  facepiece  (or 
the  equivalent)  where  there  is  any  doubt  as  to  the  effi¬ 
cacy  of  gas  masks  or  cartridge-type  respirators 

•  Chemical  goggles  if  there  is  a  probability  of  eye 
contact  •  Appropriate  clothing  to  prevent  repeated  or 
prolonged  skin  contact. 


ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS  AI.D 

CRITERIA 


AIR  EXPOSURE  LIMITS: 

Standards 

•  OSHA  TAVA  (8-hr);  None  established 

•  AFOSH  PEL  (8-hr  TWA):  None  established 

Criteria 

•  NIOSH  IDLH  (30-min):  None  established 

•  ACGIH  TLV®  (8-hr  IWA):  None  established 

•  ACGIH  STEL  (lii-min):  None  established 

WATER  EXPOSURE  LIMITS; 

Drinking  Water  Standards 
None  established 

EPA-Heahh,  Advisories  and  Cancer  Risk  Levels 
None  established 

WHO  Drinking  Guideline 
No  informa’ion  available. 

EPA  Ambient  Water  Quality  Criteria 

•  Human  Health  (459) 

-  Based  on  ingestion  of  contaminated  water  and  aquatic  organisms  (lE-05, 
lE-06,  lE-07  cancer  risk),  49  fig/L  4.9  Mg/L,  0.49  fig/L. 

-  Based  on  ingestion  of  contaminated  aquatic  organisms  only  (lE-05, 
lE-06,  lE-07  c.ancer  risk),  161  ^g/L,  16.1  lig/L,  1.61  /ig/L. 
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ENVmOI^MENTAL  AND  OCCUPATIONAL  STANDARDS  AND 

CRITERIA  (Cong 


•  Aquatic  Life  (459) 

-  Frcshwa'.er  species 
acute  toxicity: 

no  criterion,  but  lowest  effect  level  occurs  at  5.85  mg/L  riitrosimines. 
chronic  toricins 

no  criterion  established  due  to  insufficiftnt  data. 

•  Saltwater  species 
acute  toxicity; 

no  criterion,  but  lowest  effect  level  occurs  at  33  g/L  nitrosamincs. 
chronic  toxicity: 

no  criterion  established  due  to  insufficient  data. 

REFERENCE  DOSES: 

No  reference  dose  available 


REGULATORY  STATUS  (as  of  01 -MAR-89) 


?roinuLated  Regulations 
»  Federal  Programs 

Oean  Water  Act  (CW,\) 

N-Nitrosodiphenylamine  is  listed  as  a  toxic  pollutant,  subject  to  general 
pretreatment  regulations  for  new  and  existing  sources,  and  effluent 
guidelines  and  standards  (351,  3763).  Effluent  limitations  specific  to 
this  chemical  have  been  set  in  the  following  point  source  categories: 
electroplating  (3767),  steam  electric  power  generating  (3802),  and 
metal  finishing  (3768).  Limitations  vary  depending  on  the  ty'pe  of 
plant  and  industry. 

Resource  Conservation  and  Recovery  Act  (RCRA) 
N-nitrosodiphenylamine  is  included  on  EPA’s  ground-water  monitoring 
lisL  EPA  requires  that  all  hazardous  waste  treatment,  storage,  and 
disposal  facilities  monitor  their  ground-water  for  chemicals  on  this  list 
when  susp-:xted  contamination  is  first  detected  and  annually  thereafter 
(3775). 
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Comprehensive  Environmental  Responic  Comoeniiation  and  Liability 
Ad  (CERCLA) 

N-nitrcsodiphenylamine  is  designated  a  hazardous  substance  under 
CERCLA  It  has  a  reportable  quantity  (RQ)  L'mit  of  45.4  kg  (3766). 
Under  SARA  Title  III  Section  313,  manufacturers,  proressois, 
importers,  and  users  of  n-nitrosodiphenyiamine  must  report  annually  to 
EPA  and  state  oQlcials  their  releases  of  this  chemical  to  the 
environment  (3787). 

Marine  Protection  Research  and  Sanctuaries  Act  (MPRSA) 

Ocean  dumping  of  organohalogen  compounds  as  well  as  the  dumping 
of  known  or  suspected  carcinogens,  mutagens  or  teratogens  is 
prohibited  except  when  they  are  present  as  trace  contaminants.  Permit 
applicants  are  exempt  from  these  regulations  if  they  can  demonstrate 
that  such  chemical  constituents  are  non-toxic  and  non-bioaccumulative 
in  the  marine  environment  or  are  rapidly  rendered  harmless  by 
physical,  chemical  or  biological  processes  in  the  sea  (.309). 

Hazardo'is  Materials  Transportation  Act  (HMTA) 

The  Department  of  Transportation  has  designated  this  chemical  as  a 
hazardous  substance  with  a  reportable  quantity  of  45.4  kg,  sn'  ject  to 
requirements  for  packaging,  labeling,  and  transportation  (318(.). 

•  State  Water  Programs 
ALLJSIATES 

All  states  have  adopted  EPA  Ambient  Water  Quality  Criteria  and 
NPDWRs  (see  Water  Exposure  Limits  section)  as  their  promulgated 
state  regulations,  either  by  narrative  reference  or  by  relisting  the 
specific  numeric  criteria.  The,se  states  have  promulgated  additional  or 
more  stringent  criteria: 

KANSAS 

Kansas  has  an  action  level  of  71  ng/L  for  ground-water  (3213). 

NEW  YORK 

New  York  has  an  MCL  of  50  #ig/L  for  drinking  water,  and  a 
nonenforceable  water  quality  guideline  of  50  ngfL  for  surface  and 
ground-waters  (3501). 

OKLAHOMA 

Oklahoma  has  set  a  nonenforceable  Toxic  Substance  Goal  of  0.8  ng/L 
for  nitrosamines  in  surface  waten  classed  for  public  and  private  water 
supply  (3534). 


3S6 


N-NITROSODIPHENYLANnNE 


RHODE  ISLAND 

Rhode  Island  has  an  acute  freshwater  quality  guideline  of  293  ng/L 
and  a  chronic  guideline  of  6.5  ng/L  for  the  protection  of  aquatic  life  in 
surface  waters.  These  guidelines  are  enforceable  under  Rhode  Island 
state  law  (3590). 


•  Federal  Programs 

NONE 

No  proposed  regulations  are  pending. 

•  State  Water  Programs 

MOST  STATES 

Most  states  are  in  the  process  of  revising  their  water  programs  and 
proposing  changes  in  their  regulations  which  will  follow  EPA's  changes 
when  they  become  final.  Contact  with  the  state  officers  is  advised. 
Changes  are  projected  for  1989-90  (3683). 


Minnesota  has  proposed  a  Recommended  Allowable  Limit  (RAL)  of 
70  ngfL  for  drinking  water  (3451).  Minnesota  has  also  proposed  a 
Sensitive  Acute  Limit  (SAL)  of  1462  pg/L  for  surface  waters,  and 
chronic  criteria  of  17  ngfL  for  designated  surface  waters  and  70  ngfL 
for  designated  ground-waters.  These  criteria  are  for  the  protection  of 
human  health  (3452). 


EEC  Directives 


Directive  on  Grourd-Water  (538) 

Direct  discharge  into  ground-water  (i.e.,  without  percolation  through 
the  ground  or  subsoil)  of  organohalogen  compounds  and  substances 
which  may  form  such  compounds  in  the  aquatic  environment, 
substances  which  possess  carcinogenic,  mutagenic  cr  teratogenic 
properties  in  oi  via  the  aquatic  environment,  and  mineral  oils  and 
hydrocarbons  is  prohibited.  Appropriate  measures  deemed  necessary  to 
prevent  indirect  discharge  into  ground-water  (i.e.,  via  piercoiation 
through  ground  or  subsoil)  of  these  substances  shall  be  taken  by 
member  countries. 
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Or^aohalogens,  carcinogens  or  substances  which  have  a  deleterious 
effect  on  the  taste  and/or  odor  of  human  food  derived  from  aquatic 
environments  cannot  be  discharged  into  inland  surface  waters, 
territorial  waters  or  internal  coastal  waters  without  prior  authorization 
from  member  countries  which  issue  emission  standards.  A  system  of 
zero-emission  applies  to  discharge  of  these  substances  into  ground- 
water. 


Directive  on  Toxic  and  Dangerous  Wastes  (542) 

Any  installation,  establishment,  or  undertaking  which  produces,  holds 
and/or  disposes  of  certain  toxic  and  dangerous  wastes  including  phenols 
and  phenol  compounds;  organic-halogen  compounds,  excluding  inert 
polymeric  materials  and  other  substances  referred  to  in  this  list  or 
covered  by  other  Directives  concerning  the  disposal  of  toxic  and 
dangerous  waste;  chlorinated  solvents;  organic  solvents;  biocides  and 
phyto-pharmaceutical  substances;  ethers  and  aromatic  polycyclic 
compounds  (with  carcinogenic  effects)  shall  keep  a  record  of  the 
quantity,  nature,  physical  and  chemical  characteristics  and  origin  of 
such  waste,  and  of  the  methods  and  sites  used  for  disposing  of  such 
waste. 
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35.1  MAJOR  USES 

N-nitrosodiphenylamine  (NDPA)  is  used  almost  exclusively  as  an  intermediate  in 
the  manufacture  of  para-nitrosodiphenylamine  and  as  a  rubber-processing  chemical. 
Its  major  use  in  the  rubber  industry  is  as  an  anti-scorching  agent,  or  vulcanization 
retarder,  during  rubber  compounding  (459,  460,  757,  3677).  It  is  also  an  effective 
radical  scavenger  and  can  be  used  to  stabilize  monomers,  polymers,  and  petroleum 
products  (460).  NDPA  has  been  reported  to  synergize  the  effects  of  halogen- 
containing  flame  retardants  used  in  polymers,  but  no  evidence  was  found  that  it  is 
used  commercially  for  that  purpose  (460).  NDPA  is  also  xised  in  pesticide 
manufacture  (459). 


35.2  ENVIRONMENTAL  FATE  AND  EXPOSURE  PATHWAYS 

35.2.1  Transport  in  SoU/Ground-water  Systems 

35.2.1.1  Overview 

N-Nitrosodiphenylamine  may  move  through  the  soil/ground-water  system  when 
present  at  low  concentrations  (dissolved  in  water  and  sorbed  on  soil)  or  as  a  separate 
organic  phase  (resulting  from  a  spill  of  significant  quantities  of  the  chemical).  In 
general,  transport  pathways  for  low  soil  concentrations  can  be  assessed  by  equilibrium 
partitioning,  as  shown  in  Table  35-1.  These  calculations  predict  the  partitioning  of 
NDPA  among  soil  particles,  soil  water,  and  soil  air.  The  portions  of  NDPA 
associated  with  the  water  and  air  phases  of  the  soil  are  more  mobile  than  the 
adsorbed  portion. 

The  estimates  for  the  unsaturated  topsoil  model  predict  that  nearly  all  of  the 
chemical  (99%)  will  be  sorbed  on  the  soil;  a  small  amount  (1%)  of  the  chemical  is 
expected  to  be  present  in  the  soil-water  pha'c  and  thus  able  to  migrate  by  bulk 
transport  (e.g.,  the  downward  movement  of  infiltrating  water),  dispersion,  and 
diffusion.  For  the  very  small  portion  of  chemical  in  the  gaseous  phase  of  the  soil 
(0.0001%),  diffusion  through  the  soil-air  pores  up  to  the  ground  surface  and 
subsequent  remova'  of  the  chemical  by  wind  will  be  possible. 

In  saturated,  deep  soils  (containing  no  soil  air  and  negligible  soil  organic  carbon), 
a  much  higher  fraction  of  the  NLPA  (27%)  is  expected  to  be  present  in  the 
soil-water  phase  (Table  35-1)  and  transported  with  flowing  ground-water.  Ground- 
water  underlying  WDPA-contaminated  soils  with  low  organic  content  is  thus 
vulnerable  to  rxjntamination  by  the  chemical. 
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TABLE  35-1 

EQUILffiPTLTM  PARTmONING  CALCULATIONS  FOR 
N-NTTROSODIPHENYLAMINE  IN  MODEL  ENVIRONMENTS* 


SoU 

Estimated  Percent  of  Total  M 

ass  of  Chemical 

Environment 

Soil 

Soil-Water 

Soil- Air 

Unsaturated 
topsoil 
at  25*e‘ 

99.2 

0.8 

0.0001 

Saturated 

deep  soil'* 

73.2 

26.8 

-■ 

a)  Calculations  basod  on  Mackay’s  equilibrium  partitioning  model  (34,  35,  36);  see 
Introduction  for  description  of  mcdel  and  environmental  conditions  chosen  to 
represent  an  unsaturated  topsoil  and  a  saturated  deep  soil.  Calculated 
percentages  should  be  considered  as  rough  estimates  and  used  only  for  general 
guidance. 

b)  Utilized  estimated  soil  sorpt'on  coefTicient  based  on  equation  given  by  Means  et 
al.  (611):  K«  »  650. 

c)  Henry’s  law  constant  taken  as  1.4E-06  atm  •  mVmol  at  25®C  (estimated  by  Arthur 
D.  Little,  Inc.). 

d)  Used  sorption  coefficient  calculated  as  a  function  of  K„,  assuming  0.1% 

organic  carbon:  =  0.001  x 


35JZ.1.2  Sorption  on  Soils 

The  mobility  of  NDPA  in  the  soii/ground-water  system  (and  its  eventual 
migration  into  aquifers)  is  strongly  affected  by  the  extent  of  its  sorption  on  soil 
particles.  In  general,  sorption  on  soils  is  expected  to: 

increase  with  increasing  soil  organic  matter  content; 

increa.se  slightly  with  decreasing  temperature; 

increase  moderately  with  increasing  salinity  of  the  soil  water;  and 

decrease  moderately  with  increasing  dissolved  organic  matter  content  of  the 

soil  water. 

Based  upon  it'  octanol-water  partition  coefficient  of  1350.  the  soil  sorption 
crjefficient  (K„)  is  estimated  to  be  650.  This  is  a  moderately  high  number  indicating 
the  potential  for  significant  sorption  on  soils. 
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35^13  VolatOiatkio  firom  Soik 

Transport  of  NDPA  vapon  through  the  air-GUed  pores  of  unsaturated  soils  may 
be  an  important  transport  mechanism  for  near-surface  soils.  In  general,  important 
soil  and  enviroomental  properties  influencing  the  rate  of  volatilization  include  soil 
porosity,  temperature,  convection  currents,  and  barometric  pressure  changes; 
important  physico-chemical  properties  iuc'ude  the  Henry’s  law  constant,  the  vapor-soil 
sorption  coeCQcient,  and,  to  a  lesser  extent,  the  vapor  phase  diffusion  coefficient  (31). 
There  are  no  data  from  laboratory  or  Geld  tests  showing  actual  wlatiliration  rates. 

3532  Transfonnatioa  Processes  in  Soil/GTOund-water  Systems 

The  persistence  of  NDPA  in  soil/ground-water  systems  is  not  well  documented. 

In  most  cases,  it  should  be  assumed  that  NDPA  will  persist  for  months  to  years  (or 
more).  NDPA  that  has  been  released  into  the  air  will  eventually  undergo 
photochemical  oxidation  or  direct  photolysis  (10). 

NDPA  under  normal  environmental  conditions  is  not  expected  to  undergo  rapid 
hydrolysis  (10,  33).  Only  under  conditions  of  high  temperature  and  low  pH  is  the 
chemical  easily  hydrolyz^  (10). 

The  extent  to  which  NDPA  may  undergo  microbial  biodegradation  in  the 
environment  is  not  clear.  Mallik  and  Tesfai  (673)  looked  at  its  degradation  in  a 
variety  of  soils  and  found  signiGcant  degradation,  e.g.,  68%  after  30  days  in  a  sandy 
loam.  In  soil  amended  with  wheat  straw,  disappearance  of  NDPA  was  accelerated 
substantially,  and  NDPA  disappeared  completely  by  day  10. 

Data  cited  by  Callahan  et  al.  (10)  indicate  that  the  intestinal  microflora  of 
vertebrates  arc  active  in  both  the  synthesis  and  degradation  of  NDPA  Tabak  et  al. 
(55)  reported  that  NDPA  at  5  or  10  m^  underwent  significant  microbial 
degradation  in  a  static  shake-flask  screening  test  using  BOD  dilution  water  and 
settled  domestic  wastewater  as  the  microbial  inoculum.  The  microbial  population 
adapted  rapidly  to  a  concentration  of  5  mg/L  and  more  gradually  to  a  concentration 
of  10  mg/L.  'Thus,  degradation  in  acclimated  wastewater  treatment  plants  is  likely.  In 
most  soil/ground-water  systems,  t!ie  concentration  of  microorganisms  capable  of 
biodegrading  chemicals  such  as  NDPA  is  very  low  and  drops  off  sharply  with 
increasing  depth.  Thus,  biodegradation  in  the  soil/'ground-watcr  system  should  be 
assumed  to  be  of  minimal  importance  except,  perhaps,  in  landfills  with  active 
microbial  populations. 

No  data  are  available  on  the  possibility  of  anaerobic  biodegradation  of 
N-Nitrosodiphcnylamine. 
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35.2J  Prinuuy  Routes  oC  Exposure  Eroo  Sofl/Grouiid-wster  Systems 

Tbe  properties  of  NDPA  and  the  above  discussion  of  fate  pathways  suggest  that 
NDPA  has  a  low  volatility  in  aqueous  solutions,  is  moderately  adsorbed  to  soil,  and 
has  a  moderate  potential  for  bioaccumulation.  These  fate  characteristics  suggest 
several  potential  exposure  pathways. 

Volatilization  of  NDPA  ^m  a  disposal  site,  particularly  during  drilling  or 
restoration  activities,  could  result  in  inhalation  exposure.  In  addition,  the  potential 
for  ground-water  contamination  is  moderate,  particularly  in  sandy  soils.  Mitre  (83) 
reported  that  this  compound  was  found  at  3  of  546  National  Priority  Lists  (NPL) 
sites.  It  was  found  at  2  sites  in  ground-water  and  2  sites  in  surface  water. 

The  properties  of  NDPA  suggest  that  it  has  the  potential  for  movement  in 
ground-water.  If  it  reaches  surface  water,  several  other  exposure  pathways  are 
possible; 

0  Surface  waters  may  be  used  in  drinking  water  supplies,  resulting  in  direct 
ingestion  exposure; 

•  Aquatic  organisms  residing  in  these  waters  may.  be  consumed,  also  resulting 
in  direct  ingestion  exposure; 

•  Recreational  use  of  these  waters  may  result  in  dermal  exposure; 

•  Domestic  animals  may  consume  or  be  dermally  exposed  to  contaminated 
ground-  or  surface  waters;  the  consumption  of  meats  and  poultry  could  then 
result  in  ingestion  exposures. 

In  general,  exposures  associated  with  surface  water  contamination  can  be 
expected  to  be  lower  than  exposures  from  drinking  contaminated  ground-water, 
partially  due  to  the  larger  dilution  volume  common  in  surface  water.  In  addition,  the 
low  BCF  for  this  compound  suggests  a  moderate  potential  for  bioaccumulaiion  in 
aquatic  organisms  or  domestic  animals. 

3S.2.4  Other  Sources  of  Exposure 

Nitrosamines  in  general  are  present  in  a  wide  variety  of  foods,  as  reported  by 
Fine  (757)  and  Scanlan  (758).  liiey  are  foimd  most  commonly  in  cured  meats 
(particularly  cooked  bacon),  beer,  Scotch  whiskey,  some  cheeses,  nonfat  dry  milk,  and 
sometimes  in  fish.  Levels  of  total  volatile  nitrosamines  are  generally  less  than  5 
^glcg  in  these  foods  (758).  The  average  daily  intake  volatile  nitrosamines  from 
food  is  estimated  to  be  about  1  fig  per  person  (758).  Nitrosamines  are  ai.so  found  in 
tobacco  smoke  (which  may  represent  a  significant  source  of  exposure),  cosmetics,  and 
rubber  baby-bottle  nipples  (757,  758).  Specific  information  for  NDPA  is  .lol 
available. 
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N-Nitro8odiphenylamine  does  not  appear  to  be  common  in  either  drinking  water 
or  ambient  air  (757). 


253  HUMAN  HEALTH  CONSIDERATIONS 

353.1  Animal  Studies 

353.1.1  CardnogcDidty 

Several  studies  have  been  conducted  to  evaluate  the  carcinogenicity  of  NDPA 
However,  most  of  them  are  inadequate  in  that  they  lacked  appropriate  controls  or 
were  conducted  for  too  short  a  duration  (460).  The  most  significant  study  was 
carried  out  by  the  National  Cancer  Institute  (461)  in  Fischer  344  rats  and  B6C3F, 
mice.  Rats  were  administered  1000  or  4000  irg  NDPA/kg  diet  for  100  weeks.  Male 
mice  were  given  10,000  or  20,000  mg/kg  diet  for  101  weeks.  Female  mice  received 
5000  and  10,000  mg/kg  diet  for  38  weeks,  none  for  3  weeks,  then  1000  and  4000 
mg/kg  diet  for  60  weeks.  The  dosage  change  was  necessitated  by  the  excessive 
depression  in  mean  body  weight  gain.  In  mice,  the  only  changes  related  to  NDPA 
administration  were  chronic  inflammatory  lesions  in  the  urinary  bladder.  Also,  mean 
body  weights  were  lower  than  those  of  corresponding  controls  and  were  dose-related. 
In  toth  male  and  female  rats,  transitional-cell  carcinomas  of  the  urinary  bladder 
ocotrred  at  incidences  of  36%  and  81%  in  high-dose  males  ^nd  females,  respectively. 
There  was  also  a  dose-related  trend  in  fibromas  of  the  subcutis  and  skin  in  male  rats. 
The  incidence  was  20%  in  high-dose  males  versus  2%  in  low-doSe  males  and  5%  in 
controls.  Since  the  historical  incidence  of  this  tumor  in  control  male  F-344  rats  at 
the  laboratory  at  which  the  test  was  conducted  is  2%,  the  investigators  concluded  that 
the  fibromas  seen  in  the  test  animals  were  related  to  NDPA  administration. 

Other  carcinogenicity  studies  are  summarized  in  Table  35-2.  lARC  (3869)  lists 
N-nitrosodiphenylaminc  in  Group  3  (not  classifiable  as  to  their  carcinogenicity  to 
humans)  in  its  weight-of-cvidence  ranking  for  potential  carcinogens. 

353.13  Geootoxidty 

N-nitrosodiphcnylamine  has  been  extensively  tested  for  mutagenic  activity.  It  is 
not  mutagenic  in  bacten'a,  nor  does  it  induce  unscheduled  DNA  synthesis  or  cause 
chromosomal  damage  under  any  test  conditions  rmpbyed  (460).  The  test  systems 
include  various  strains  of  Salmonella  tvphimurium  (31^,  3860)  V79  Chine.se  hamster 
cells  tested  for  mutations  at  the  HPRT  locus  or  for  ouabain  resistance  (3343), 

L5178Y  mouse  lymphoma  cells  tested  for  mutations  at  the  thymidine  kinase  locus 
(3530),  rat  embryo  cells,  human  foreskin  fibroblasts,  host-mediated  assays  in  mice,  and 
sex-linked  recessive  lethal  studies  in  Drosophila  melanoga.ster  (460). 
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TABLE  35-2 

CARCINOGENICITY  DATA  FOR  N-NITROSODIPIIENYLAMINE 
IN  EXPERIMENTAL  ANIMALS 


and 

Number 

Dose,  Route  and 
Duration 

Result 

lARC  Comment 
(460) 

Ref. 

18  (CSTBlje 

X  C3H/AnOF, 
mice  of  each 
sex 

100  ng/kg/bw  in 

DMSO  daily  by 
gavage  for  4  weeks, 
then  3769  mgitg/ 
diet  for  75  weeks 

No  inaease 
in  tumor 
incidence 

Inadequate 
sample  size 

462 

25  male  Wistar 
rats 

1070  /ig  in 
methylcellulose  5 
days/week  by  gavage 
for  49  weeks  weeks 

No  inaease 
in  tumor 

Low  dose 
and  duration 
incidence 

463 

16  male  and  24 
female  hairless 
hr/hr  Oslo  mice 

20  weekly  dermal 
applications  of  0.1 
mL  of  a  1%  solution 
NDPA  in  acetone 

3  lung 
adenomas 
in  males 

Lack  of 

appropriate 

controls 

464 

24  male  CB  rats 

Weekly  ip  injec¬ 
tions  of  25  mg/kg  in 
polyethylene  glycol 

400  for  2  years 

1  hepatoma 
and  pituiury 
adenoma;  1 
hepatoma  in 

Ix}w  dose; 
poor  survival 
(21%) 
controls 

465 

Conflicting  results  were  reported  in  a  cell  transfcrmation  assay  using  C3H/10T1/2 
cells  (3186).  In  this  collaborative  study  with  two  laboratories  using  the  same 
protr^ols  and  the  same  clone  of  cells,  NDPA  was  positive  in  one  laboratory  and 
negative  in  the  other.  Bradley  et  al.  (3080).  using  a  filter  elution  method,  found  no 
double  strand  breaks  in  th-  DNA  of  Fischer  rat  hcpatocytes  treated  with  NDPA,  but 
single-strand  DNA  breaks  were  significantly  increased. 

When  Chinese  hamster  Don  cells  were  treated  in  culture  with  increasing 
concentratioa<  of  NDPA,  cell  division  was  affected,  a  significant  increase  in  sister 
chromatid  exchanges  was  observed,  but  with  no  increase  in  chromosomal  aberrations 
(3004).  Chinese  hamster  lung  cells  treated  in  culture  with  NDPA  showed 
chromosomal  aberrations  in  one  study,  but  the  authors  (3330)  were  reluctant  to  judge 
NDPA  as  positive,  classifying  it  as  "suspicious."  No  morphologically  abnormal  mature 
sperm  were  observed  in  male  mice  that  had  been  injected  previously  with 
concentrations  of  NDPA  as  high  as  1000  mgTcg/day  for  five  days  (3723). 
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In  a  metabolism  study,  Tatsumi  et  aL  (3731)  have  shown  that  liver  aldehyde 
oxidase  supplemented  with  electron  oonors  Auctions  as  an  N-nitroreductase  to 
catalyze  the  reduction  of  NDPA  to  1,1-diphenylhydrazine. 

353.13  Teratogenicity,  Embtyotazidty  and  Rqxxxlucdve  E&iecta 

In  a  study  by  Korhonen  et  aL  (3374,  3373),  three-day-old  chicken  embryos  were 
exposed  to  N-nitrosodiphenylamlne  dissolved  in  acetone.  Five  pL  of  the  solution 
were  injected  into  the  air  space  of  the  egg.  The  embryos  were  candled  on  day  S  and 
every  second  or  third  day  thereafter.  The  incuLation  was  terminated  on  day  14. 
NDPA  was  effective  only  at  doses  near  saturation  in  acetone.  The  ED^  for  NDPA 
was  7.0  Mnrol/egg,  and  the  maximum  percentage  of  malformed  embryos  was  13%. 
These  results  do  not  necessarily  Lave  implications  for  mammalian  species,  but  do 
indicate  a  need  for  caution. 

353.1.4  Other  Toxioologic  Effects 

353.1.4.1  Short-term  Toxidty 

Acute  oral  LD,,  values  of  1650  and  3000  mg/kg  have  been  recorded  for  the  rat 
(459,  3604);  no  values  for  skin  or  inhalation  exposures  were  found. 

Dialkylnitrosamines,  such  as  NDPA,  are  characteristically  hepatotoxic,  but  no  data 
are  available  specifically  evaluating  this  effect  for  NDPA  (459). 

353.1.43  Chronic  Toxioologic  Effects 

In  subchronic  feeding  studies  conducted  by  NCI  (461).  Fischer  344  rats  and 
B6C3F,  mice  were  fed  diets  containing  up  to  46,000  mg  ?TOPA/kg  diet  for  8  to  11 
weeks.  Female  rats  did  not  survive  doses  greater  than  16,000  mg/kg  diet.  Reductions 
in  weight  gain  'anged  from  14%  in  female  mice  fed  46.000  mgicg  diet  to  37%  in 
female  rats  fed  16,000  mg/kg  diet.  The  only  histopathologic  lesions  observed  were 
trace  amounts  of  pigmentation  in  liver  cells. 

3533  Human  and  Epidcmiolo^  Studies 

No  data  on  human  exposure  to  NDPA  are  available. 

3533  I^evds  of  Concern 

Based  on  the  evidence  of  transitional-cell  carcinomas  of  the  urinary  bladder 
induced  in  female  rats  administered  NDPA.  the  U5EPA  has  specified  an  ambient 
water  quality  criterion  of  zero  for  this  compound.  In  that  attaining  a  zero 
concentration  level  may  be  infeasible  in  some  cases,  the  concentrations  of  NDPA  in 
water  calculated  to  result  in  incremental  lifetime  cancer  risks  of  lE-05.  lE-06,  and 
lE-07  from  ingestion  of  both  water  and  contaminated  aquatic  organisms  were 
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estimated  to  be  49,  4.9,  and  0.49  /ig/L,  respectively  (459).  Risk  esttmates|  are 
expressed  as  a  probability  of  cancer  after  a  lifetime  consumption  of  two  liters  of 
water  per  day  and  consumption  of  6.5  g  of  fish  per  day  containing  a  specified 
concentration  of  the  contaminant  Thus,  a  risk  of  lE-05  implies  that  a  lifetime  daily 
consumption  of  two  liten  of  drinking  water  and  6.5  g  of  contaminated  fish  at  the 
criterion  level  of  49  /ig  NDPA  per  liter  would  be  expected  to  produce  one  excess 
case  of  cancer  above  the  norma]  background  incidence  for  every  100,000  j  people 
exposed.  It  should  be  emphasized  that  these  extrapolations  are  based  on  a  number 
of  assumptions  and  should  be  taken  as  crude  estimates  at  best  of  human  lisk. 

lARC  (3869)  lists  N-nitrosodipbenylamine  in  Group  3  (not  cla.ssillabie  as  to 
carcinogenicity  to  humans)  in  its  weight-of-evidence  ranking  for  potential  i:arcinogjns. 

353.4  Hazard  Assessment 

Dietary  administration  of  NDPA  induced  transitional-cell  carcinomas  of  the 
urinary  bladder  in  rats;  tests  conducted  with  mice  were  negative  (461).  Biised  on  the 
findings  in  rats,  the  USF.PA  (3755)  calculated  an  upper-limit  incremental  unit  cancer 
risk  of  4.92E-03  (mgAg/day)  '  for  l^PA. 

Genotoxicity  studies  conducted  with  this  compound  have  been  prednn^inantly 
negative.  There  are  no  data  available  in  mammals  regarding  possible  reproductive 
toxicity  associated  with  this  compound,  although  the  compound  is  teratogenic  at  high 
doses  in  chickens. 

The  notable  lack  of  quantitative  data  available  for  either  humans  or  experimental 
animals  regarding  other  toxic  efl>x:ts  of  NDPA  makes  estimates  of  other  potential 
health  hazards  associated  with  human  exposure  to  NDPA  uncertain,  particularly  with 
regard  to  long-tem.  low-level  oral  exposure. 

35.4  SAMPLING  AND  ANALYSIS  CONSIDERATIONS 

Determination  of  NDPA  concentrations  in  soil  and  water  requires  col  ection  and 
laboratory  analysis  of  representative  field  samples.  Care  is  required  to  prevent  losses 
during  sample  collection  and  storage.  Soil  and  water  samples  should  be  ct^llected  in 
amber  glass  containers;  extraction  of  samples  should  be  completed  within  7  days  of 
sampling  and  analysis  within  40  days.  In  addition  to  the  targeted  samples. Iquality 
control  samples  such  as  field  blanks,  duplicates,  and  spiked  matrices  may  be  specified 
in  the  recommended  methods. 

EPA-approved  procedures  for  the  analysis  of  aqueous  samples  of  NPDA  one  of 
the  EPA  priority  pollutants,  include  EPA  Methods  M7,  625,  1625  (65).  anb  8250 
(63).  Prior  to  analysis,  samfles  are  extracted  with  methylene  chloride  using  either  a 
separatory  funnel  or  a  continuous  liquid-liquid  extractor.  An  aliquot  of  'hi 
concentrated  sample  extract  is  injected  onto  a  gas  chromatographic  (GC)  column 
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using  a  solvent  flush  technique.  The  GC  column  is  programmed  to  separate  the 
semi-voUtile  organic  compounds;  is  then  detected  with  a  nitrogen-phosphorus 

detector  (Method  607)  or  a  mass  spectrometer  (Methods  625,  1625,  and  8250). 

It  should  be  noteo  that  N-nitrosodipbenylamine  decomposes  in  the  gas 
chromatographic  inlet  and  is  determined  as  diphenylamine.  Florisil  and  alumina 
column  cleanup  procedures  separate  any  diphenylamine  in  the  original  sample  from 
the  nitrosamine  and  eliminate  other  possible  interferences  (Method  607).  The 
Thermal  Energy  Analyzer  (TEA)  and  the  Hall  detector  may  also  be  used  in  place  of 
the  nitrogen-phosphorus  detector  (Method  607).  The  TEA  offers  the  greatest 
selectivity. 

The  EPA  procedure  rccom-nended  for  the  analysis  of  NDPA  in  soil  and  waste 
samples.  Method  8250  (63),  differs  from  the  procedures  for  aqueous  samples  primarily 
in  the  preparation  of  the  sample  extract  Solid  samples  are  extracted  using  either 
soxhlet  extraction  or  sonication  methods.  Neat  and  diluted  organic  liquids  may  be 
analyzed  by  direct  injection. 

Typical  NDPA  detection  limits  that  can  be  obtained  in  wastewaters  and  non- 
aqueous  samples  (wastes,  soils,  etc.)  are  shown  below.  The  actual  detection  limit 
achieved  in  a  given  analysis  will  vary  with  instrument  sensitivity  and  matrix  effects. 

Aqueous  Detection  Limit  Non-Aqueous  Detection  Limit 

0.81  qg/L  (Method  607)  1.3  Mg/g  (Method  8250) 

1.9  ^ig/L  (Method  615) 

20  Mg/L  (Method  1625) 

19  Mg/1-  (Method  8250) 
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COMMON 
SYNONYMS: 
B«nzenol 
Carbolic  acid 
Hydrcwybenzene 
Pbenic  add 
Phenol 

Phenyl  hydroxide 
Pbenylic  add 


CAS  REG.NO.: 

FORMETA- 

108-95-2 

C*ILO 

KIOSH  NO: 

SJ3325000 

STRUCTURE: 

1 

OH 

AIR  'W/V  CONVERSION 
FACTOR  at  25°C  (12) 

3.84  mg/in’  »  1  ppm; 

0.260  ppm  »  1  .ng/m’ 


MOLECULAR  WEIGHT: 
94.11 


Reactions  of  phenok  or  crcsob  with  organic  peroxides, 
organic  hydroperoxides  or  non-oxidizing  mineral  acids  typi¬ 
cally  generate  heat,  while  those  with  oxidizing  mineral  acids 
or  strong  oxidizing  agents  generate  heat  and  possibly  fire. 
Reactions  with  elemental  alkali  or  alkaline  earth  metals, 
nitrides  or  strong  reducing  agents  evolve  heat  and  flam¬ 
mable  gases,  while  those  with  isocyanates,  epoxides  or 
polymerizable  compounds  may  evolve  heat  and  initiate  vio¬ 
lent  polymerization  reactions.  Reactions  with  explosive 
compounds  may  cause  explosions,  while  those  with  hydra¬ 
zines  or  azo  or  diazo  compounds  may  produce  heat  and 
generally  innocuous  gases.  Reaction  of  phenol  with  cal¬ 
cium  hypochlorite  k  exothermic  and  produces  toxic  fumes 
which  may  ignite.  Addition  of  aluminum  chloride  to  nitro¬ 
benzene  containing  5%  phenol  may  cause  a  violent  ex¬ 
plosion.  Reaction  of  phenol  with  butadiene  in  a  petroleum 
ether  solution,  catalwed  by  boron  trifluoride  diethyl- 
clherate.  may  cause  a  closed  container  to  pressurize  and 
explode.  Aluminum,  magnesium,  lead  and  zinc  are  attacked 
by  hot  phenol  (505,  507,  511). 


•  Physical  State:  Solid,  crystalline 
(at  20“C) 

(23) 

PHYSICO¬ 

•  Color:  Wliite;  pink  to  red  with 

CHEMICAL 

light  exposure 

(23) 

DATA 

•  Odor:  Medicinal 

(263) 

•  Odor  Threshold:  0.047  ppm 

(263) 

•  Density:  1.0576  g/mL  (at  4rC) 

(14) 
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•  Freezc/Melt  Point:  40.90*C 

(14) 

•  Boiling  Point:  181.80"C 

(14) 

•  Flash  Point:  79.00®C  closed  cup 

•  Flammable  Limits:  l.'V^  to 

(69) 

8.60%  by  volume 

(60,506,507) 

•  Autoignition  Temp.:  TIS.O'C 

•  Vapor  Pressure:  5.29E-01  mm  Hg 

(51,60,504) 

(at  2(fC) 

•  Satd.  Cone,  in  Air:  2.7300E-(-03 

(10) 

PHYSICO- 

mg'm*  (at  2(rC) 

(1219) 

CHEMICAL 

•  Solubility  in  Water:  8.40E-K04 

DATA 

mg/L  (at  20*C) 

(38) 

(Cont.) 

•  Viscositjn  3.020  cp  (at  50“C) 

(48) 

•  Surface  Tension:  solid 

•  Log  (Octanol-Water  Partition 

(23) 

Coeff.):  1.46 

•  Soil  Adsorp.  Coeff.:  1.40E'f01, 

(29) 

U5E-»-0: 

•  Henry’s  Law  Const.:  7.00E-t'7 

(652,654) 

atm  •  mVmol,  (estim)  (at  2(fC) 

•  Bioconc.  Factor  1.40E+00  (estim), 

(964) 

lOOE-t-00  (goldfish) 

(659,940) 

PERSISTENCE 
IN  THE  SOIL- 
WATER 
SYSTEM 


Relatively  mobile  in  soil-water  systems.  Volatilization 
also  impt^rtant  for  near-surface  soils.  Chemical  is 
resistant  to  hydrolysis  but  is  fairly  susceptible  to 
photo-oxidation,  catalytic  or  free-radical  oxidation 
(somewhat  speculative),  and  to  biodegiadation. 


PATHWAYS 

The  primary  pathway  of  concern  from  soil-water  systems 
is  the  migration  of  phenol  to  groundwater  supp'ies  of 
drinking  water.  Data  suggest  that  such  migration  has 

OF 

occurred  in  the  past.  The  consumption  of  fish  or  other 

EXPOSURE 

organisms  is  not  expected  to  be  a  significant  route  of 

exposure. 
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HEALTH 

HAZARD 

DATA 


Signs  and  Symptoms  of  Short-term  Human  Exposure: 

QLM _ 

Phenol  has  a  marked  corrosive  action  on  tissue.  On 
contact  with  the  eyes,  it  may  cause  severe  damage  and 
blindness.  On  skin,  it  induces  anesthesia  and  blanching 
of  the  exposed  area.  If  not  removed  promptly,  it  may 
cause  a  severe  bum  end  systemic  intoxication.  Systemic 
effecu,  which  can  result  from  any  route  of  exposure, 
iiiclude  paleness,  weakness,  sweating,  headache,  ringing 
of  the  cars,  cyanosis,  shock,  excitement,  frothing  of  the 
nose  and  mouth  and  death. 


Acute  Toxicity  Studies:  (3504) 


INHALATION: 

LC«  316  mg/m’ 

Rat 

LQ,  177  mg/m’ 

Mouse 

ORAL: 

LDy,  317  mg/kg 

Rat 

LDlo  140  mg/kg 

Human 

LDi^  500  mg/kg 

Dog 

LDu,  420  mg/kg 

Rabbit 

LDu  80  mg/kg 

Cat 

LDm  270  mg/kg 

Mouse 

LDi^  14  g/kg 

Human 

LD^o  10  mg/kg 

Infant 

SKIN; 

LDj,  669  mgkg 

Rat 

LD„  850  mg/kg 

Rabbit 

Long-Term  Effects:  Liver  and  kidney  damage,  skin 

discoloration _ 

Pregnancy/Neonate  Data:  Teratogenic  only  at 
maternally  lethal  doses;  fetotoxic  at  doses  not  toxic  to 

the  dams. _ 

Genotoxicitv  Data:  Conflicting  evidence _ 

Carcinogenicity  Classification: 
lARC  -  None  assigned 
NT?  -  None  assigned 
EPA  -  .No  data 
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HANDLING 

PRECAUTIONS 

(38,52,54) 


Handle  chemical  only  with  adequate  ventilation 
•  Vapor  concentrations  of  5-50  ppm:  any  self-contained 
breathing  apparatus  or  supplied-air  respirator;  any 
chemical  cartridge  respirator  with  an  organic  vapor 
cartridge  and  dust  and  mist  filters  •  50-100  ppm:  any 
supplied-air  respirator  or  selfcontained  breathing 
apparatus  with  full  facepiece;  chemical  cartridge 
respirator  with  full  facepiece,  organic  vapor  cartridge 
and  dust  and  mist  filter  •  Protective  clothing,  gloves, 
rubber  boots  and  apron  to  prevent  sldn  contact  with 
solid  or  liquid  phenol  •  Dust  and  splash-proof  chemical 
goggles  if  there  is  probability  of  eye  contact. 


ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS  AND 

CRITERIA 


EXPOSURE  LIMITS: 


Standards 

•  OSHA  TWA  (8-hr):  5  ppm  (skin) 

•  AFOSH  PEL  (8-hr  TWA):  5  ppm  (skin);  STEL  (15-min):  10  ppm 
Criteria 

•  NIOSH  IDLK  (30-min):  250  ppm 

•  NIOSH  REL  (lO-hr  TWA):  5.2  ppm:  15-min  ceiling,  15.6  ppm 

•  ACGIH  TLV®  (8-hr  TWA):  5  ppri  (skin) 

•  ACGIH  STEL  (15-min):  STEL  deleted  (1987-88) 


WATER  EXPOSURE  LIMITS: 

Drinking  Water  Standards 
None  established 

EPA  Health  Advisories  and  Cancer  Risk 
None  established 


WHO  Drinkinc  Water  Guideline 


No  information  available. 


PHENOL 


36-5 


ENVIRONMENTAL  AND  OCCUPATIONAL  STANDARDS  AND 

CRITERIA  (Cont.) 

•  Human  Health  (3770) 

Based  on  the  intake  of  drinking  water  and  aquatic  organisms,  the 
derived  level  is  3.5  mg/L.  Adjusted  for  intake  of  drinking  water  alone, 
the  level  is  3.5  mg/L.  Using  available  organoleptic  data,  for  controlling 
undesirable  taste  and  odor  quality,  the  estimate  level  is  0.3  mg/L. 

•  Aquatic  Life  (3770) 

Freshwater  species 
acute  toncity: 

no  criterion,  but  lowest  effect  level  occurs  at  10,200  Mg/L. 
chronic  toxicity: 

no  criterion,  but  lowest  effect  level  occurs  at  2560  Mg/L. 

Saltwater  species 
acute  toxicity: 

no  criterion,  but  lowest  effect  level  occurs  at  5800  Mg/L. 
chronic  toxicity: 

no  criterion  established  due  to  insufficient  data. 

REFERENCE  DOSES:  (3744) 

ORAL:  6.000E+02  Mg/T«g/day 


REGULATORY  STATUS  (as  of  01  •MAR-89) 


Promulgated  Regulations 
»  Federal  Programs 

Clean  Water  Act  (CWA) 

Phenol  is  designated  a  hazardous  substance.  It  ha.s  a  reportable 
quantity  (RQ)  limit  of  454  kg  (347,  3764).  It  is  also  listed  as  a  toxic 
pollutant,  subject  to  general  pretreatment  regulations  for  new  and 
existing  sources,  and  effluent  standards  and  guidelines  (351.  3763). 
Effluent  limitations  have  been  set  for  phenol  effluent  in  the  following 
point  source  categories:  glass  manufacturing  (897),  textile  mil's  (893), 
timber  products  processing  (899),  petroleum  refining  (8%),  metal 
molding  and  casting  (892),  iron  and  steel  manufacturing  (354), 
ferroalloys  (895),  organic  chemicals,  plastics  and  synthetic  fibers  (3777), 
electroplating  (3767),  steam  electric  power  generating  (3802),  metal 
finishing  (3768),  and  pulp  paper  and  paperboard  industries  (898). 
Limitations  vary  depending  on  the  type  of  plant  and  industry. 
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Marine  Protection  Research  and  Sanctuaries  Act  (MPRSA) 

Ocean  dumping  of  organohaiogen  compounds  as  well  as  the  dumping 
of  known  or  suspected  carcinogens,  mutagens  or  teratogens  is 
prohibited  except  when  they  are  present  as  trace  contaminants.  Permit 
applicants  are  exempt  from  these  regulations  if  they  can  demonstrate 
that  such  chemical  constituents  are  non-toxic  and  non-bioaccumulative 
in  the  marine  environment  or  are  rapidly  rendered  hannless  by 
physical,  chemical  or  biological  processes  in  the  sea  (309). 

Occupational  Safety  and  Health  Act  (OSHA) 

Employee  exposure  to  phenol  shall  not  exceed  an  8-hour 
time-weighted  average  (TWA)  of  5  ppm.  Employee  skin  exposure  to 
phenol  should  be  prevented/reduced  through  the  use  of  protective 
clothing  and  practices  (3539). 

Hazardous  Materials  Transportation  Act  (HMTA) 

The  Department  of  Transportation  has  designated  phenol  as  a 
hazardous  material  with  a  reportable  quantity  of  454  kg,  subject  to 
requirements  for  packaging,  labeling  and  transportation  (3180). 

Food.  Drug  and  Cosmetic  Act  (FDCA) 

Phenol  is  approved  for  use  as  an  indirect  food  additive  as  a  component 
of  adhesives  when  used  as  a  preservative  only  (3209).  The  level  for 
phenols  in  bottled  drinking  water  is  0.001  mfJL  (365). 

•  State  Water  Programs 
ALL  STATES 

All  states  have  adopted  EPA  Ambient  Water  Quality  Criteria  and 
NPDWRs  fsee  Water  Exposure  Limits  section)  as  their  promulgated 
state  regulations,  either  by  narrative  reference  or  by  relisting  the 
specific  numeric  criteria.  These  states  have  promulgated  additional  or 
more  stringent  criteria; 

ARIZQfjA 

Arizona  has  a  water  quality  crilenon  of  5  Mg/L  for  phcnolics  in  ail 
public  waters  (3827). 

CALIFORNIA 

Cal'fomia  has  set  the  following  surface  water  quality  standards  for 
phenol:  120  ngfL  -Ocean  Plan  waters,  40  /sg/L  -Region  8  Waters, 
municipal  and  domestic  use,  100  ngfL  -Region  3  waters,  protection  of 
freshwater  life,  1.0  ng/L  -Regions  1  and  3  waters,  municipal  and 
domestic  use  (3097). 
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CXDLORADO 

Colorado  has  a  water  quality  criterion  of  1  fig/L  for  monohydric 
phenol  in  drinking  water  supply  waters  and  500  ng/L  for  Aquatic  Life 
Class  1  waters  (3^7). 

DELAWARE 

Delaware  has  a  surface  water  quality  criterion  of  0.2  mg/L  for  fresh 
and  saltwater  streams  (3827). 

DISTRICT  OF  COLUMBIA 

The  District  of  Columbia  has  surface  water  quality  criteria  of  0.1  mg/L 
for  phenol  in  Gass  C  waters  and  03  mg/L  for  Gass  D  waters  (3827). 

FLORIDA 

Florida  has  water  quality  criteria  for  phenolic  compounds  of  1  ng/L  for 
general  use  surface-waters,  and  0.2  mg/L  for  Class  V  (navigation, 
industrial  use)  surface  waters  (3220). 

GEORGIA 

Georgia  has  changed  the  criterion  for  phenol  from  5  ng/L  to  300  Mg/L 
for  instream  concentrations  in  all  surface  waters  because  the  less 
stringent  standard  was  considered  more  realistic  (3240). 

B-IIEOIS 

Illinois  has  a  water  quality  standard  for  phenols  of  100  Mg/L  for 
general  use  waters,  1  Mg/L  for  Public  and  Fcxxl  Processing  Water 
Supplies,  and  300  Mg/L  for  Aquatic  Life  waters  (3321,  3827). 

INDIANA 

Indiana  has  set  the  following  surface  water  quality  criteria  for  phenols 
and  phenolic  compounds:  10  m&L  for  the  Ohio  River  and  Wabash 
RNcr,  300  MgL  (daily  maximum)  for  Lake  Michigan  and  contiguous 
harbor  areas,  and  10  MgL  for  the  Grand  Calumet  River  and  Indiana 
Harbor  (3827). 

IOWA 

Iowa  has  a  surface  water  quality  standard  of  50  MgL  for  phenolic 
compounds  in  Gass  B  and  C  surface  waters  (3327).  Iowa  has  also  set 
acute  criteria  for  phenols  of  50  MgL  for  Gass  C  surface  waters,  1000 
MgL  for  Gass  B  cold  surface  waters,  and  2500  MgL  for  Gass  B  warm 
surface  waters,  and  a  chronic  criterion  of  50  MgL  for  all  Gass  B 
surface  waten  for  the  protection  of  aquatic  life  (3326). 

KANSAS 

Kansas  has  an  action  level  of  300  MgL  for  phenol  in  ground-water 
(3213). 
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KENTliCKY 

Kentucky  has  a  surface  water  quality  criterion  of  5  ngfL  for  phenolic 
compounds  in  Warm  and  Coldwater  Aquatic  Habitats  (3827). 

LOUISIANA 

Louisiana  has  water  quality  criteria  for  phenols  of  5  fig/L  for  drinking 
water  supply  waters,  440  /tg/L  for  marine  surface  waters,  and  SO  lig/L 
for  fresh  surface  waters  (3406). 

MINNESOTA 

Minnesota  has  surface  water  quality  criteria  of  1  ^g/L  for  phenol  in 
Domestic  waters  and  10  /xgL  for  phenols  in  Fisheries  and  Recreation 
waters  (3827). 

MISSISSIPPI 

Mississippi  requires  that  the  level  of  phenolic  compounds  in  the  public 
water  supply  not  exceed  1  fig/L  (3684).  Mississippi  also  has  a  surface 
water  quality  standard  of  50  fig/L  for  phenolic  compounds  for  fish  and 
wildlife  protection  (3684). 

MISSOURI 

Missouri  has  a  water  quality  criterion  for  phenol  of  1  ug/L  for  drinking 
water,  100  fig/L  for  surface  waters  for  the  protection  of  aquatic  life, 
and  ground-water  quality  standards  of  300  fig/L  for  fast  recharge 
waters  and  100  fig/L  for  slow  recharge  waters  (3457), 

NEVADA 

Nevada  has  a  water  quality  criterion  for  phenolics  of  1  fig/L  for  all 
surface  waters  (3827). 

NEW  HA.MPSHIRE 

New  Hampshire  has  a  drinking  water  standard  of  1  fig/L  for  phenols 
(3710).  New  Hampshire  also  has  a  surface  water  quality  standard  of  1 
fig/L  for  Class  A  and  B  waters  and  2  fig/L  (or  Qass  C  waters  (3684). 

NEW  JERSEY 

New  Jersey  sets  the  maximum  concentration  levels  for  phenols  in  the 
Delaware  River  and  Bay  at  the  following  levels:  5  fig/L  for  Zones  1,  2 
and  3,  20  fig/L  for  Zone  4,  and  10  fig/L  for  Zones  5  and  6.  These 
are  maximum  levels  that  apply  unless  exceeded  due  to  natural 
conditions  (3498). 


36-10 


PHENOL 


NEW  YORK 

New  York  has  an  ambient  water  quality  standard  for  aquatic  life  of  S 
HgfL  for  total  unchlorinated  phenols  for  all  freshwater  classes  of 
surface  waters  (3500).  New  York  has  also  set  an  MCL  of  50  /xg/L  for 
drinking  water  and  a  water  quality  standard  of  1  ngfL  for  phenol  and 
phenobc  compounds  in  ground-water  and  surface  water  classed  for 
drinking  water  supply  (3501). 

NORTH  CAROLINA 

North  Carolina  has  a  water  quality  standard  of  1  fig/L  for  phenolic 
compounds  in  Qass  WS-I,  WS-II,  and  WS-III  surface  waters  (3681). 

OfflO 

Ohio  has  a  surface  water  quality  standard  for  phenolic  compounds  of  1 
tig/L  for  Lake  Erie  Use  waters.  Public  Water  Supply  waters,  Aquatic 
Life  Habitat  Coldwaters  and  Exceptional  Warmwaters,  and  10  ng/L  for 
Aquatic  Life  Habitat  Warmwaters  (3827) 

OKLAHOMA 

Oklahoma  has  set  a  nonenforceable  Toxic  Substance  Goal  of  300  /xg/L 
for  phenol  in  public  and  private  water  supply  surface  waters  (3534). 

OREGON 

Oregon  has  a  surface  water  quality  criterion  of  1  ng/L  for  phenols  in 
all  surface  waters  (3827). 

PENNSYT^VANIA 

PennsyNania  has  a  human  health  criterion  of  300  ngfL  for  phenol  in 
surface  water,  and  a  human  health  criterion  for  total  phenolics  of  5 
Hg/L  measured  in  surface  waters  at  the  point  of  water  supply  intake 
(3561). 

RHODE  ISLAND 

Rhode  Island  has  an  acute  freshwater  quality  guideline  of  251  for 
phenol  and  a  chronic  guideline  of  5.6  tx^/L  for  the  protection  of 
aquatic  life  in  surface  waters.  These  guidelines  are  enforceable  under 
Rhode  Liand  stale  law  (3590). 

SOUTH  DAKOTA 

South  Dakota  requires  phenol  to  be  nondetectable,  using  designated 
test  methois,  in  ground-water  (3671). 

TENNESSEE 

Tennessee  sets  ai.  effluent  limitation  of  1.0  mgL  for  phenols  in 
effluent  from  industrial  wastewater  treatment  plants  (3827). 

UTAH 

Utah  has  a  surface  water  quality  criterion  of  0.01  mg/L  for  phenol  in 
Qass  3A,  3B,  3C  and  3D  surface  waters  (3827). 
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VIRGINIA 

Virginia  has  a  water  quality  criterion  for  phenok  of  1  /ig/L  for  ground- 
water  and  Public  Water  Supply  surface  waters,  and  a  chionic  criterion 
of  1  ligfL  for  phenol  in  surface  water  (3135,  3827). 

WEST  VIRGINIA 

West  Virginia  sets  0.001  mg/L  as  the  maximum  concentration  secondary 
contaminant  level  for  phenok  in  drinking  watci  in  the  community 
public  water  systems  (3576). 

WISCONSIN 

Wisconsin  has  a  human  threshold  criterion  cf  2.7  mg/L  for  phenol  in 
public  water  supply  cold  surface  waters  and  2.8  mg/L  in  public  water 
supply  warm  sport  fish  waters  (3842).  Wisconsin  also  has  set  a  taste 
and  odor  criterion  threshold  concentration  level  of  300  Mg/L  for  phenol 
in  surface  waters  (3841). 

WYOMING 

Wyoming  has  a  ground-water  quality  standard  of  1  Mg/L  for  phenol  in 
Gass  I  domestic  ground-water.  They  do  not  regulate  other  classes  of 
water,  but  have  a  non-degradation  rule  in  case  of  contamination 
(3852). 

Proposed  Regulations 

•  Federal  Programs 

Resource  Conservation  and  Reccverv  Act  (RCRA) 

EPA  has  proposed  that  solid  wastes  be  listed  as  hazardous  in  that  they 
exhibit  the  characteristic  defined  as  EP  toxicity  when  the  TCLP  extract 
concentration  k  equal  to  or  greater  than  14.4  mg/L  phenol.  Final 
promulgation  of  this  Toxicity  Characteristic  Rule  k  expected  in  March 
1989  (1565). 

•  State  Water  Programs 

MINNESOTA 

Minnesota  has  proposed  a  Recommended  Allowable  Limit  (RAL)  of 
280  Mg/L  for  phenol  in  drinking  water  (3451).  Minnesota  has  also 
proposed  a  Sensitive  Acute  limit  (SAL)  of  9547  Mg/L  for  phenol  in 
surface  waters,  and  a  chronic  criterion  of  212  MgL  for  surf^ace  waters. 
These  critepa  are  for  the  protection  of  human  health  (3452). 

WEST  VIRGINIA 

West  Virginia  has  proposed  a  water  quality  criterion  of  5  Mg/L  for 
phenolic  materials  in  Public  A  waters.  Final  action  k  expected  in  late 
spring  1989  (3835). 

MOST  STATES 

Most  states  are  in  the  process  of  revking  their  water  pr^rams  and 
proposing  changes  in  their  regulations  v/nich  will  follow  EPA’s  changes 
when  they  become  final.  Contact  with  the  state  officer  k  advised. 
Changes  are  projected  for  1989-90  (3683). 
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EEC  Directives 

Directive  on  Drinking  Water  (533) 

The  mandatory  values  for  phenols  (phenol  indices)  in  surface  water 
treatment  categories  Al,  A2  and  A3  used  or  intended  for  abstraction 
of  drinking  water  are  0.001,  0.005  and  0.1  mg/L,  respectively. 

Guideline  values  for  phenols  (phenol  indices)  under  treatment 
categories  A2  and  A3  are  0.001  and  0.01  mg/L  respectively.  No 
guideline  value  is  given  for  treatment  category  Al. 

Directive  Relatini;  to  the  Quality  of  Water  for  Human  Consumption 
(540) 

The  maximum  admissible  concentration  for  phenols  (phenol  indices)  is 
OJ  Mg/f-  Excluded  &om  this  category  are  natural  phenols  which  do 
not  react  to  chlorine.  No  guideline  levels  for  phenols  (phenol  indices) 
are  given. 

Directive  on  Ground-Water  (538) 

Direct  and  indirect  discharge  into  ground-water  of  substances  which 
have  a  deleterious  effect  on  the  taste  and/or  odor  of  ground-water,  and 
compounds  liable  to  cause  the  formation  of  such  substances  in  ground- 
water  and  to  render  it  unfit  for  human  consumption  shall  be  subject  to 
prior  review  so  as  to  limit  such  discharges. 

Directive  on  Bathing  Water  Quality  (534) 

Mandatory  values  for  phenols  (phenol  indices)  in  bathing  water  are: 

(1)  no  spwific  odor  and  (2)  concentrations  SO.05  mg/L.  Guideline 
values  for  phenols  (phenol  indices)  suggest  concentrations  <  0.005 
mg/L. 

Directive  on  Fishing  Water  Quality  (536) 

Phenolic  compounds  in  both  salmonid  and  cyprinid  waters  must  nbt  be 
present  in  such  concentrations  that  they  adversely  affect  Gsh  flavor. 

Directive  Relating  to  the  Classification.  Packaging  and  Labeling  of 
Dangerous  Preparations  rSolventsl  (544) 

Phenol  is  listed  as  a  Class  LI)  toxic  substance  and  is  subject  to 
packaging  and  labeling  regulations 

Directive  on  the  Discharge  of  Dangerous  Substances  (535) 
Organohalogens,  organophosphates,  petroleum  hydrocarbons, 
carcinogens  or  substances  which  have  a  deleterious  effect  on  the  taste 
and/or  odor  of  human  food  derived  from  aquatic  environments  cannot 
be  discharged  into  inland  surface  waters,  territorial  waters  or  internal 
coastal  waters  without  prior  authorization  from  member  countries 
which  issue  emission  standards.  A  system  of  zero-  emission  applies  to 
discharge  of  these  substances  into  ground-water. 
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36l1  major  OSES 

The  major  use  of  phenol  is  as  a  chemical  intermediate  in  the  synthesis  of  organic 
chemicals,  primarily  phenolic  resins.  Phenol  is  also  utilized  in  the  production  of 
bis-phenol-A,  caprolactam,  plasticizers,  adipic  acid,  salicylic  acid,  2,4-D,  alkyl  phenols 
and  chlorinated  phenols.  A  small  amount  is  used  as  a  solvent  in  petroleum  refining 
(939).  It  is  also  employed  as  a  disinfectant  (3890). 


362  ENVIRONMENTAL  FATE  AND  EXPOSURE  PATHWAYS 

362.1  Transport  in  SoO/Ground-water  Systems 

362.1.1  Overview 

Phenol  is  expected  to  be  relatively  mobile  in  the  soil/ground-water  system  when 
present  at  low  concentrations  (dissolved  in  water).  Pure  phenol  is  a  solid  at  ambient 
temperatures  (melting  point  is  41°C)  and  thus  bulk  quantities  (e.g.,  from  a  spill  or 
large  dumping)  would  not  be  immediately  mobile. 

Transport  pathways  can  be  generally  assessed  by  using  an  equilibrium  partitioning 
model  as  shown  in  Table  36-1. 

These  calculations  predict  the  partitioning  of  low  soil  concentrations  of  phenol 
among  soil  particles,  soil  water  and  soil  air.  The  estimates  for  the  unsaturated  topsoil 
model  show  that  while  most  of  the  phenol  is  associated  with  the  stationary  soil  phase, 
a  significant  amount  (12.6%)  is  in  the  mobile  water  phase  and  thus  easily  leach^. 
Diffusion  of  phenol  vapors  through  the  soil-air  pores  up  to  the  ground  surface  would 
not  appear  to  be  a  significant  loss  pathway  based  upon  the  model  results.  (Other 
data  and  model  results  given  below,  however,  show  volatilization  losses  may  be 
significant.)  In  saturated,  deep  soils  (containing  no  air  and  negligible  soil  organic 
carbon),  a  much  higher  fraction  of  the  phenol  is  likely  to  be  present  in  the  soil  water 
phase  (Table  36-1)  and  available  to  be  transported  with  flowing  ground  water. 

The  actual  distribution  of  phenol  in  a  model  laboratory  ecosystem  has  been 
measured  by  Figge  et  al.  (807).  Thirty  (30)  days  after  the  non-sterile  ecosystem  was 
inoculated  with  C-14  labeled  phenol,  the  percentage  of  the  initial  dose  found  in  each 
"compartment"  of  the  ecosystem  was  as  follows:  air,  23%;  percolating  water,  0.03%; 
soil,  24%;  and  plants,  43%.  Total  recovery  was  90%.  Two-thirds  of  the  phenol 
"recovered"  from  the  air  compartment  was  identified  as  (14)COj  which  mu't  have 
come  from  the  chemical  or  biological  degradation  of  phenol  in  the  water,  soil  or 
plants.  Thus,  the  actual  "air"  concentrations  (meaning  the  free  air  above  the 
ecosystem,  not  confined  soil-air)  were  probably  nearer  9%.  The  relatively  large  "true" 
air  concentrations  are  a  result  of  the  fact  that,  during  the  30  day  test,  the  air  in  the 
test  chamber  was  continuously  exchanged,  with  the  exhaust  air  passing  through  an 
absorber  unit. 
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TABLE  36- i 

EQUILIBRIUM  PARTTllONING  CALCULATIONS  FOR  PHENOL 
IN  MODEL  ENVIRONMENTS* 


Soil 

Environment 

Soil 

Soil-Water  Soil-Air 

Unsaturated 
topsoil  at 
25*0“ 

87.4 

116  lOE-03 

Saturated 
deep  soil* 

13.1 

86.9 

a)  Calculations  based  on  Mackay’s  equiiibrium  partitioning  model  (34,35.36);  see 
Introduction  in  Volume  1  for  description  of  model  and  environmental  conditions 
chosen  to  represent  an  unsaturated  topsoil  and  saturated  deep  soil.  Calculated 

.  percentages  siiould  be  considered  as  rough  estimates  and  used  only  for  general 
guidance. 

b)  Utilized  estimated  soil  sorption  coefficient:  Ko,  =  36  (calculated  average  of  data 
for  soils  given  in  reference  806). 

c)  Henry’s  law  constant  taken  as  1.3E-06  atm  •  mVmol  at  25®C  (81). 

d)  Used  sorption  coefficient  -  0.001  ' 


Two  other  modeling  studies  serve  to  elucidate  the  important  transport  and  fate 
mechanisms  for  phenol  in  the  natural  environment.  Jury  et  al.  (808)  used  a  soil 
chemical  screening  model  to  classify  cnemicals  with  regard  to  the  importance  of 
volatilization  as  a  loss  pathway  after  soil  application  (c.g.,  of  a  phenol-containing 
waste).  The  model  assumed  uniform  application  of  the  chemical  to  a  depth  of  10  erh 
in  the  soil,  a  soil-water  content  of  30%  (by  volume),  and  a  soil-organic-carbon 
content  of  1.25%  (by  weight^  Under  these  conditions,  the  model  results  led  Jury  et 
al.  (808)  to  classify  phenol  in  a  "moderaiely  short-lived"  group  of  chemicals  having  an 
effective  volatilization  half  life  between  15  and  30  days.  The  actual  half-life 
calculated  for  phenol  was  21  days. 

The  second  study  by  Pollard  and  Hem  (809)  simulated  the  transport  and  fate  of 
phenol  in  a  surface  water  body  (Monongahela  River)  using  the  EXAMS  model. 

Some  of  what  was  learned  will  help  in  understanding  soil/ground -water  fate  and 
transport.  The  model  predicted  oxidation  (by  photochemically-gencated  free  radicals 
in  the  water)  and  biodegradation  to  be  the  most  important  fate  pathways.  The  model 
showed  volatilization  to  be  an  unimportan.  loss  mechanism.  Associated  field  testing 
showed  sediment  sorption  was  also  a  relatively  unimportant  process;  the  field  testing 
provided  data  that  allowed  the  model  to  be  validated  when  certain  assumptions  were 
made  about  the  concentration  of  free-radical  oxidants. 
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A  number  of  Geld  and  laboratory  studies  point  to  the  relative  mobility  and 
non-persistence  of  phenol  in  soil/ground-water  systems.  In  a  study  of  land  treatment 
of  phenol-containing  wastes,  Demiijian  et  aL  (522)  found  no  detectable  phenol  in  the 
soil  at  the  end  of  the  treatment  cycle.  Goerlitz  et  aL  (810)  found  that  sorption  did 
not  appreciably  retard  the  movement  of  phenol  in  the  leachate  plume  from  an 
unlined  surface  impoundment  Laboratory  sorption  experiments  using  soil  collected  at 
the  30-m  depth  at  the  site  also  showed  no  signiGcant  sorption  of  phenol.  The 
researchers  did  note  disproportionate  decreases  in  the  downgradient  concentration  of 
phenol  which  were  tentatively  attnbuted  to  biodegradation.  Phenol  has  been  found 
in  the  leachate  plume  from  a  sanitary  landfill  (811),  in  peat  soils  500  meters  from  a 
catchment  pit  (M9),  and  in  ground  water  (where  it  persisted  19  months)  following  a 
spill  of  phenol  onto  a  soil  consisting  primarily  of  sand,  gravel  and  undifferentiated 
dolomite  (939). 

36.2.1.2  Soiptioc  on  SoQs 

Table  36-2  lists  several  soil  sorption  constants  that  have  been  reported  for 
phenol. 

In  general,  except  for  the  Lake  Zoar  sediments,  the  data  indicate  that  phenol  is 
only  weakly  sorbed  by  soils  containing  organic  matter.  There  is  essentially  no 
sorption  on  clays  and  minerals  that  contain  no  organic  matter.  Nevertheless,  in 
unsaturated  topsoils  containing  signiGcant  amounts  of  organic  carbon  (2%)  and 
relatively  small  amounts  of  water  (10%  by  volume),  the  model  results  shown  in  Table 
36-1  show  that  a  signiGcant  amount  of  the  phenol  may  be  associated  with  the 
stationary  soil  phase. 

There  is  no  ready  explanation  for  the  relatively  high  sorption  constant  as.'ociated 
with  the  Lake  Zoar  sediments.  Some  degree  of  excess  sorption  over  that  expected 
for  simple  hydrophobic  sorption  to  organic  matter,  due  to  hydrogen  bonding,  has 
been  suggested  by  Boyd  (816). 

36l2.13  Volatilizatioa  finom  SoOs 

Transport  of  phenol  vapors  through  the  air-GlIed  pores  of  unsaturated  soils  can 
be  an  important  transport  mechanism  for  near  surface  soils.  This  was  demonstrated 
by  the  model  ecosystem  and  modeling  results  discussed  above  (Section  36.2.1.1). 
However,  due  to  the  .low  value  of  the  Henry’s  law  constant  (H)  for  phenol: 

H  »  7E-07  atm  •  mVmol  at  20"C 

the  vapor  phase  concentration  in  soil  air  will  be  very  low  whenever  water  is  present. 


PHENOL 


36-17 


TABLE  36-2 

SOIL  ADSORPTION  CONSTANTS  REPORTED  FOR  PHENOL’ 


Type  of  Soil 

K« 

Comment 

Ref. 

(Not  specified) 

27 

812 

Batcotnbe  Silt  Loain 

30.2 

2J1%  CC,  pH  6.7 

813 

Molokai  clay 

440 

0.5%  OC,  pH6.2 

814 

Davidson  clay 

700 

0.3%  OC,  pH6.4 

814 

Ava  silty  clay 

150 

0.4%  OC,pH4.5 

814 

Mohave  clay  loam 

250 

0.4%  OC,  pH  7.8 

814 

Fanno  clay 

144 

0.9%  OC,  pH  7.0 

814 

Captina  silt  toam 

90 

0.64%  OC,  pH  5.4 

815 

Palouse  silt  loam 

57 

2.1%  OC,  pH  5.4 

815 

Brookston  clay  loam 

16.1 

3.0%  OC,  pH  5.7 

816 

Captina  silt  loam 

91 

0.64%  OC,  pH  5.4 

817 

Palouse  silt  loam 

38.8 

2.1%  OC,  pH  5.4 

817 

Lake  Zoar  sediment 

2900 

Fine  fraction,  10.2%  OC 

818 

Lake  Zoar  sediment 

3100 

Coarse  fraction,  4.2%  OC 

818 

(Generic) 

135 

Estimated 

654 

(Generic) 

14 

Estimated 

652 

(Generic) 

9 

Estimated 

812 

Montmorillonite 

.. 

K,  «1.08E-04, 1/n=0.132 

819 

Cottage  Grove 
sandstone  (38°C) 

K,  «7E-03,  l/n»1.01 

Silty  Qay 

- 

No  adsorption 

821 

Kaolinite, 

montmorillonite 

No  adsorption 

822 

Geothite  (a-FeOOH) 

•• 

No  adsorption 

823 

'X,,  =  soil  adsorption  constant  per  unit  weight  organic  carbon. 

=  Freundlich  adsorption  coefficient, 
l/n  =s  Exponential  factor  on  concentration  in  Freundlich  adsorption 


equation. 

OC  *s  organic  carbon  content  (by  weight)  oi  soil. 
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36l22  Tnnsfonnatioa  Processes  in  Soil/Gtound-water  ^sterns 

Phenol  is  a  weak  acid  (pKa  =  9.90)  and  thus  has  a  slight  tendency  to  dissociate 
in  water  with  the  loss  of  a  hydrogen  ion:  C^HsOH  — >  C^HsO'  +  H*.  In  pure 
water,  only  0.13%  would  be  expected  to  dissociate  at  pH  7,  and  13%  at  pH  8. 

Phenol  is  apparently  susceptible  to  one  or  more  chemical  (non-biological) 
degradation  mechanisms  that  can  operate  in  the  soil/ground-water  system.  Simple 
hydrolysis  (reaction  with  water),  however,  does  not  take  place  rapidly  under 
environmental  conditions.  An  aqueous  hydrolysis  rate  constant  of  8.2-8.5E-09 
cu.cm./mole  sec  has  been  report^  Conrad  and  Seiler  (825)  demonstrated  a 

biological  degradation  of  phenol  and  resulting  CO  formation,  in  sterile  soils.  They 
speculated  that  a  radical  mechanism,  most  probably  initiated  by  reactions  with 
molecular  oxygen,  were  involved.  Such  a  mechanism  is  consistent  with  the 
speculation  of  others  (10)  that  phenol  could  be  non-photolytically  (and 
non-biologically)  oxidized  in  oxygen-rich  water,  especially  if  certain  iron  or  copper 
species  were  present  which  might  catalyze  the  reaction. 

Baker  and  Mayfield  (826)  also  found  that  phenol  underwent  rapid  non-biological 
degradation  in  sterile  silica  sand.  The  rate  of  this  degradation  reaction  increased  vnth 
temperature  and  decreased  with  concentration.  In  one  test  at  26°C,  the  phenol 
concentration  in  the  silica  sandAvater  mixture  fell  from  105  /ig/g  of  silica  to  29  ^g/g 
silica  after  32  days.  Volatilization  losses  and  photodegradation  were  clearly  ruled  cut. 
These  authors  al^  speculated  on  an  auto-oxidation  mechanism  that  might  be 
catalyzed. 

There  is  good  evidence  to  suggest  that  photooxidation  should  be  an  important 
degradation  mechanism  for  phenol  in  aerated,  near-surfare  waters  (10,  939,  827). 

Numerous  studies  have  clearly  shown  that  phenol  is  fairly  easily  biodegraded  by 
microorganisms  which  are  prevalent  in  the  natural  environment  (10,  939,  806,  828. 

829,  830,  831).  Several  types  of  microorganisms  can  use  phenol  as  their  sole  source 
of  carbon;  however,  at  high  phenol  concentrations  (e.g.,  above  !00  mg/L)  the 
microorganisms  may  be  inhibited  or  killed.  Evidence  of  the  extent  or  rate  of 
biodegradation  at  very  low  concentration  (<i  mg/L)  is  contradictory.  Degradation, 
both  aerobic  and  anaerobic,  has  been  demonstrated  in  a  variety  of  natural  water  and 
natural  soil  conditions.  Thus,  it  may  be  concluded  that  phenol  should  not  persist 
(more  than  weeks  to  a  few  months  at  most)  in  errvironments  with  sufficient 
populations  of  active  microorganisms.  Although  many  rate  studies  have  been  carried 
out  (see  references  939  and  806  for  a  listing  of  data),  prediction  of  biodegradation 
rate  constants  for  specific  environments  is  still  difficult. 
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36l23  Primary  Routes  of  Exposure  from  SoilAjTouixl-water  ^sterns 


la 


The  above  discussion  of  fate  pathways  suj^ests  that  phenol  has  a  low  volatility,  is 
weakly  adsorbed  to  soil  and  has  no  significant  potential  for  bioaccumulation. 

Although  some  data  indicate  volatilization  of  this  compound  from  near  surface  soils 
does  occur,  in  general,  inhalation  exposure  to  phenol  from  soil  ui  not  expected  to  be 
a  dominant  pathway.  Phenol  is  likefy  to  be  mobile  in  ground  water,  p>ossibiy  resulting 
in  drinking  water  exposure  via  this  route.  Exposure  pathways  involving  the 
accumulation  of  phenol  by  biota  are  not  likely  to  be  important  d'ue  to  its  low 
bioconcentration  factor. 

The  potential  for  ground  water  contamination  is  demonstrated  by  the  common 
occurrence  of  phenol  at  hazardous  waste  sites.  Mitre  (S3)  reported  that  phenol  has 
been  found  at  55  of  the  546  National  Priority  List  (NPL)  sites.  It  was  detected  at  37 
sites  in  ground  water,  27  sites  in  surface  water  and  3  sites  in  air.!  These  data  indicate 
that  both  ground  and  surface-water  pathways  of  exposure  may  bq  important.  In  the 
National  Organics  Monitoring  Survey  (NOMS)  conducted  by  the  jUSEPA  (90),  phenol 
was  detected  in  2  of  110  raw  water  supplies,  including  both  surface  and  ground-water 
supplies. 

The  properties  of  phenol,  and  its  common  occurrence  in  ground  water  at  NPL 
sites,  suggest  that  exposure  through  drinking  water  may  result  from  soil/ground-water 
systems.  In  addition,  the  movement  of  phenol  in  ground  water  may  result  in  other 
exposure  pathways.  These  pathways  would  include  ingestion  exposure  thiough  the 
consumption  of  surface  water  as  a  drinking  wa:«‘r  supply  or  dermil  exposure  through 
recreational  use  of  surface  waters.  Bioaccumulation  of  phenol  fn^m  surface  waters, 
either  by  aquatic  organisms  or  domestic  animals,  is  not  expected  lo  be  a  dominant 
exposure  pathway  due  to  the  low  bioconcentration  factor  for  phenol. 

36.2.4  Other  Sources  of  Human  Exposure 

As  phenol  is  a  large-volume  industrial  chemical,  there  are  a  number  of  other 
potential  sources  of  human  exposure.  Exposure  through  drinking  water  (other  than 
ground  water  associated  with  hazardous  waste  sites)  does  not  generally  appear  to  be  a 
major  source  of  exposure;  phenol  was  detected  in  only  2  of  110  raw  water  supplies 
(90).  I 

I 

The  production  and  use  of  phenol,  however,  has  led  lo  its  presence  in  the 
atmosphere.  Brodzinsky  and  Singh  (84)  summarized  air  monitorii|g  data  for  phenoi. 
They  reported  90  data  points.  No  data  were  available  for  rural  and  remote  areas.  In 
urban  and  suburban  areas,  the  median  concentration  was  0.12  /igjm’  (7  data  points), 
and  in  source-dominated  areas,  the  median  concentration  was  19  figfm'  (83  data 
points). 

In  addition  to  these  environmental  exposures,  oral  exposure  (o  phenol  may  occur 
as  the  result  of  its  use  in  several  medicinal  preparations  (antiseptic  mouthwash  and 
lozenges).  It  is  also  a  component  of  a  number  of  medicinal  preparations  that  are 
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dennally  applied,  such  as  cream  for  bums  or  poison  ivy  (940),  and  it  has  been 
injected  kx^  into  spinal  and  perineural  spaces  or  into  nerves  for  the  relief  of  pain 
and  spasticity  (3960,  3912).  These  uses  may  result  m  significant  exposure  to  phenol 
for  short  periods  of  product  use. 

Phenol  has  been  found  in  some  food  products.  Lustre  and  Issenberg  (832) 
reported  7  mg/kg  phenol  in  smoked  summer  sausage  and  28.6  mg/kg  in  smoked  pork 
belly.  The  authors  speculated  that  the  phenol  originated  from  the  wood  used  in 
processing  the  meat 


363  HUMAN  HEALTH  CONSIDERATIONS 

363.1  Animal  Studies 

363.1.1  Caidnogenidty 

In  a  study  conducted  by  the  National  Cancer  Institute,  phenol  was  not 
carcinogenic  for  either  male  or  female  F344  rats  o'  B6C3F,  mice.  Both  species  were 
given  drinking  water  containing  2500  or  5000  ppm  phenol  for  103  weeks.  In 
low-dose  male  rats,  there  was  an  increased  incidence  of  leukemias  and  lymphomas; 
the  incidence  in  the  high-dose  group,  however,  was  not  significantly  different  from 
that  of  the  control  group.  There  was  also  no  dose-response  in  female  dosed  groups. 
Therefore,  evidence  that  phenol  was  the  cause  of  these  tumors  was  not  clearly 
established.  In  mice,  no  tumor  at  any  site  was  clearly  associated  with  phenol 
administration  (941). 

A  number  of  studies  have  shown  that  phenol  promotes  skin  tumors  in  strains  of 
mice  specially  inbred  for  sensitivity  to  tumor  development.  Benign  tumors  developed 
in  these  mice  after  a  single  application  of  75  mg  of  the  carcinogen, 
9,10-dimethylbenz(a)anthracene  (DMBA),  followed  one  week  later  by  twice  weekly 
applications  of  2.5  mg  phenol  (as  a  10%  solution  in  benzene)  to  the  same  area  for  a 
period  of  42  weeks.  At  13  weeks,  22  of  23  mice  (96%)  had  papillomas  and  73%  had 
carcinomas.  The  effect  of  benzene  as  the  solvent  must  also  be  considered.  Few 
tumors  developed  in  the  mice  treated  with  DMBA  alone  (3/21  mice  with  papillomas 
at  42  weeks)  or  with  phenol  alone  (5/14  mice  with  papillomas  at  one  year).  Standard 
inbred  strains  of  mice  similarly  treated  exhibited  on^  a  few  papillomas  (902). 

In  summary,  there  are  no  indications  that  phenol  is  carcinogenic  by  the  oral 
route.  Skin  application  of  phenol,  however,  is  tumorigenic  in  sensitive  strains  of  mice 
but  not  in  standard  inbred  mouse  strains.  This  activity  appears  to  be  associated  with 
phenol’s  irritancy  and  subsequent  skin  hyperplasia. 

36.3.12  Genotoxicity 

The  genotoxic  activity  of  phenol  has  been  evaluated  in  non-mammalian  and 
mammalian  systems.  Data  from  bacteria!  and  yeast  studies  conflict.  Gocke  et  al. 
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(942)  reported  ihat  phenol  induced  mutations  in  Salmonella  strain  TA98  in  the 
presence  of  activation  while  other  teams  of  investigators  (943,  3780)  using  four  of  the 
five  standard  strains  (TA  1535,  1537,  98  and  100)  achiev^  negative  results  with  and 
without  metabolic  activation.  Negath-e  results  were  also  obtained  in  the  two  strains 
of  the  yeast  Saccharomvces  cerevisiae  strain  D3  (944)  and  strain  MPl  (3207). 

Other  non-mammalian  assays  also  yielded  mixed  results.  Sex-linked  recessive 
lethals  were  not  increased  among  the  progeny  of  Drosophila  males  fed  or  injected 
with  phenol  (3845);  but  rainbow  trout  exposed  to  a  concentration  of  0.3  or  0.6 
microliters  of  phenol/L  of  water  for  72  hours  had  significant  increases  in  chromosome 
aberrations  in  gill  and  kidney  cells  (3014). 

Conflicting  results  have  also  be.en  observed  in  mammalian  genofoxicity  studies. 

In  vitro,  phenol  concentrations  of  250  to  500  ug/mL,  in  the  presence  of  mouse 
microsomes,  induced  8-azaguanine  resistance  in  Chinese  hamster  V79  cells  (3554).  In 
addition,  phenol  induced  statistically  significant,  concentration-dependent  increases  in 
sister  chromatid  exchanges  (SCE)  in  human  T-lymphocytes  in  vitro  at  concentrations 
ranging  from  5  to  3000  txM  (945).  The  negative  resul's  obtained  by  Jansson  et  al. 
(3336)  in  a  similar  SCE  study  may  be  attributed  to  the  low  concentrations  tested. 

In  vivo,  phenol  did  not  induce  significant  increases  in  chromosomal  aberrations  or 
micronuclei,  but  did  cause  equivocal  genotoxicity  in  a  5  generation  reproductive 
toxicity  study.  Male  and  female  mice  treated  with  up  to  the  LD,*  dose  of  phenol, 
either  orally  or  intraperi'oneally,  did  not  show  any  significant  increase  in  chromosomal 
aberrations  in  their  boue  marrow  cclis  (3715). 

In  two  different  studies,  phenol  did  not  increase  the  inddences  of  micronuclei  in 
the  bone  marrow  cells  of  mice.  In  one  study,  male  mice  were  treated  orally  with  250 
mg/kg  and  sacrificed  30  hours  after  treatment  (3232);  in  the  other,  experimental 
details  were  not  given  (3554). 

A  fivc-genera'ion  study  conducted  with  Porton-strain  mice  examined  the 
influence  of  aqueous  solutions  of  phenol  on  chromosomes  in  the  process  of 
spermatogenesis.  Mice  in  each  generation  were  given  daily  gavage  doses  of 
approximately  0,  6.5,  64  or  640  for  30  days.  Six  males  and  females  from 

each  group  per  generation  were  then  mated.  The  females  continued  to  receive 
phenol  during  pregnancy  and  lactation.  Testes  from  six  males  per  group  for  each 
generation  were  examined  for  chromosomal  defects  in  spermatogonia  and  primary 
spermatocytes.  Dose-related  increases  in  the  incidence  of  aberrations  were  found  in 
both  cell  types.  Aberrations  included  chromatid  and  chromosome  breaks,  ring 
chromosomes,  centric  fusions,  acentric  fragments,  rneuploidy  (any  deviation  from  the 
exact  multiple  of  the  haploid  number  of  chromosomes)  and  polyploidy  (more  than 
two  full  sets  of  homologous  chromosomes).  There  was  also  an  apparent  trend  toward 
increased  aberrations  in  each  successive  generation.  However,  the  experimei.tal 
protocol  as  well  as  the  inadequacy  of  infonnation  presented  by  the  investigation  make 
interpretation  of  this  latter  point  difficult.  The  complications  associated  with 
interpretation  of  the  results  in  successive  generations  do  not,  however,  mitigate  the 
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marked  increase  in  chromosomal  aberrations  seen  in  the  parental  and  F,  generations, 
Le^  two  to  four-fold  above  controls  (963).  These  results  are  cause  for  concern  in 
that  equivalent  human  exposures  (0.45-4.S  sng/70-kg  man/day)  could  conceivably  be 
ingest^  by  the  population  at  large.  Unknown  factors,  how^r,  such  as  tissue 
distribution  and  DNA  repair  capabilities  of  different  tissues  and  species  make  any 
discussion  of  the  genetic  implications  for  man  more  speculative  than  factual  Further 
studies  such  as  the  e^ect  of  gavage  administratbn  compared  to  the  more  intermittent 
nature  of  human  exposure  via  drinking  water  arc  need^  to  clarify  the  significance  of 
this  single  report  to  humans  (963). 

363.13  Teratogenicity,  Embiyotaxidty  and  Reproductive  Effects 

Minor  and  Becher  (947)  found  no  increase  in  terata  or  resorptions  in  Spr&gue- 
Dawley  rats  given  ip  injections  of  20,  63,  or  200  mg  of  phenol/kg,  either  on  days  9-11 
or  on  days  12-14  of  gestation.  In  another  study,  phenol  was  administered  to  Sprague- 
Dawley  rats  by  gavage  at  doses  of  100,  333,  667,  or  1000  mg/kg  on  gestational  day  11 
(3531).  In  the  dams,  decreased  weight  gain  was  observed  at  the  two  higher  doses. 
Among  the  offspring,  viable  litter  size  was  not  reduced,  but  postnatal  hind  limb 
paralysis,  persistent  growth  retardation,  rnd  decreased  neonatal  renal  concentrating 
ability  were  observed  (doses  were  not  given).  Price  et  al.  (3571)  administered  phenol 
to  rats  by  gavage  at  doses  of  30,  60,  or  120  mg/kg/day  during  organogenesis.  While 
maternal  status,  prenatal  viability,  and  fetal  morphological  development  were  not 
affected,  average  fetal  body  weight/litter  was  reduced  at  120  mg/kg. 

CD-I  mice  were  given  phenol  doses  of  70,  140,  or  280  mgicg/day  by  gavage  on 
gestational  days  6-15  (3571).  Maternal  mortality  was  observed  at  the  high  dose,  and 
dose-related  incidences  of  other  maternal  effects  were  observed  at  all  doses.  Prenatal 
viability  was  not  affected;  however,  decreased  fetal  weight  and  an  increased  incidence 
of  cleft  palate  were  observed  at  280  mg/kg,  the  dose  that  caused  maternal  lethality. 
The  total  incidence  of  malformations  was  not  increased  significantly. 

363.1.4  Other  Toodoologic  Effects 

363.1.4.1  Short-term  Toxidty 

Disturbance  of  the  central  nervous  system  is  the  predominant  toxic  response  to 
phenol  regardless  of  the  route  of  administration.  In  rats,  the  oral  LDj*  ranges  from 
530  to  550  mg/kg  (59).  An  acute  lethal  dose  produces  initial  increases  in  pulse  and 
respiration  which  later  become  slow,  weak,  and  irregular.  After  an  initial  rse,  blood 
pressure  falls  significantly.  The  pupils  constrict  in  the  early  stages  but  later  dilate. 
Salivation  may  be  evident  and  dyspnea  is  marked.  Rats  usually  exhibit  muscle 
twitching  and  uncoordinated  leg  movements  until  death  occurs,  usually  due  to 
respiratory  arrest  (12).  Deichmann  (1944)  indicated  that  the  severity  of  intoxication 
is  directly  related  to  the  concentratioti  of  'free*  (as  opposed  to  "conjugated")  phenol 
in  blood  and  tissues  (3905). 


PHENOL 


36-23 


Cats  appear  to  be  the  species  most  susceptible  to  the  effects  of  phenol  due  to 
significant  metabolic  differences  in  the  manner  phenol  is  detoxified  by  this  species. 
Oral  doses  of  50  to  100  mg/kg  and  intravenous  doses  of  50  mg/kg  (dissolved  in  water) 
caused  death  in  all  animals  tested  (950). 

In  guinea  pigs,  inhalation  exposures  of  26-52  ppm,  7  hours  daily,  5  days  per  week 
for  4  weeks  caus^  weight  kiss,  respiratory  difficulty  and  signs  of  paralysis.  At 
autopsy,  pathologic  examination  revealed  extensive  myocardial  necrosis  and  acute 
lobar  pneumonia  (951). 

Cosgrove  and  Hubbard  (952)  reported  that  the  eyes  of  rabbits  were  completely 
destroyed  by  one  drop  of  87%  phenol  in  glycerin.  However,  if  the  eyes  were 
immediately  irrigated  with  water,  corneas  remained  clear.  If  irrigation  was  deilayed  10 
seconds  or  longer,  40%  of  the  animals  sustained  corneal  damage.  Solutions  of  50% 
phenol  in  glycerin  left  in  the  eyes  10  seconds  or  longer  before  irrigation  with  water 
resulted  in  transparent  corneas  within  3  or  5  days  in  30%  of  the  animals.  Solutions 
of  10  or  20%  phenol  in  glycerin  gave  similar  results.  In  another  study,  Murphy  et  al. 
(953)  found  that  0.1  mL  of  5%  phenol  solution  caused  comeal  opacities  in  4  of  9 
rabbits  whose  eyes  were  either  not  irrigated  or  irrigated  with  water  for  2  minutes 
following  30  seconds  of  eye  contact  with  the  phenol  solution. 

The  dermal  LDj,  for  liquified  phenol  in  rats  is  670  mg/kg  (0.625  mlTkg)  by  both 
occlusive  and  non-ccclusive  methods.  Severe  muscle  tremors  with  twitching 
developed  into  generalized  convulsions  with  loss  of  consciousness  5-10  minutes  after 
administration  of  the  dose  in  all  animals.  Severe  hemoglobinuria  developed  45-90 
minutes  after  phenol  application,  with  the  severity  increasing  as  a  function  of  the 
dose.  Skin  lesions  and  edema  with  subsequent  tissue  necrosis  and  discoloration  were 
aLo  noted  as  well  as  pathologic  evidence  of  kidney  damage  in  all  animals.  The 
lowest  dose  applied  was  0.1  mg/kg  (954). 

Reports  of  cardiac  toxicity  and  death  in  humans  treated  with  phenol  as  a 
cosmetic  face-peeling  agent  stimulated  a  study  in  rats  of  the  cardiovascular  effects  of 
dermally  applied  phenol  (3944).  Eight  laboratory  rats  (strain  not  given)  underwent 
abdominal  epilation.  Baker’s  phenol  was  applied  to  an  area  comparable  to  the  human 
face  (about  5%  of  the  total  body  surface  area),  and  cardiovascular  parameters  were 
monitored  for  about  1  hour.  Electrocardiographic  (EKG)  changes  (PVC;:,  ventricular 
tachycardi;:.  S-T  segment  depression,  and  T-wave  inversion)  were  noted  in  five  of 
eight  animals.  Two  animals  died,  one  13  minutes  aftei  application  (blcKxl  phenol 
level,  6.5  '.ig%),  the  other  24  minutes  after  (blood  phenol  level,  8.1  mg%).  The 
entire  abdomen  was  then  covered  with  Baker’s  phenol  and  the  parameters  were 
monitored  again.  EKG  changes  were  noted  in  the  remaining  six  animals  and  all  died 
1.5  to  35  minutes  after  application  (mean,  19  minutes).  Fatal  blood  levels  ranged 
from  3  to  16.8  mg%  with  a  mean  of  7.9  mg%.  The  effects  appeared  to  involve  direct 
myocardial  toxicity  (myocardial  depression  based  on  decreased  cardiac  rate  and 
arterial  pressure),  as  well  as  S-T  segment  depression  and  T-wave  inversions. 
Electromechanical  dissociation  then  occurred,  and  bradycardia  electrical  activity 
continued  with  no  resulting  myocardial  contraction. 
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363AA2  ChroDic  Taxidty 

Damage  to  the  lungs,  liver,  kidneys  and  heart  has  been  reported  following 
prolonged  administration  of  phenol  Rabbits  exposed  to  vajnr  levels  of  26  to  52 
ppm,  7  hours  daily,  5  days  per  week  for  63  exposures  in  88  days  showed  no  signs  of 
iliness  or  discomfort.  Hov/ever,  post-mortem  examination  revealed  lobular 
pneumonia,  chronic  bronchitis,  degeneration  of  the  pulmonary  blood  vessels, 
myocardial  degeneration,  and  indications  of  h'ver  and  kidney  damage.  Rats  exposed 
to  the  same  levels  for  52  exposures  in  74  days  exhibited  no  signs  of  illness  or 
pathologic  changes  (951). 

Deichmann  and  Oesper  (955)  reported  no  signiGcant  effects  in  rats  receiving 
21-55  mg/rat/day  (about  280  mg/kg  for  a  200  g  rat)  in  their  drinking  water  for  12 
months.  However,  pathological  stiidies  were  not  done.  In  another  study,  rats 
receiving  135  doses  of  50  mg/kg  p'aenol  by  gavage  over  a  6-month-period  experienced 
’slight’  kidney  damage  while  those  receiving  100  mg/kg  had  ’slight  to  moderate’ 
kidney  damage  and  "Very  slight"  livier  changes  (939,  39t®).  The  apparent  ability  of 
rats  to  tolerate  much  larger  doses  of  phenol  in  drinking  water  may  be  due  to  its  rapid 
metabolism  as  well  as  the  intermittent  nature  of  dosing,  in  contrast  to  exposure  by 
gavage.  | 

! 

3622  Human  and  Epidemiologic  Stixlies 

i 

I 

363.2.1  SbcMrt-tenn  Toxicologic  EjSiectr 

Phenol  is  readily  absorbed  from  all  routes  of  entry,  distributed  throughout  the 
body,  metabolized  and  rapidly  excreted.  The  biological  half-life  of  phenol  in  man  Is 
approximately  3.5  houn  (939).  Phenol  is  also  produced  endogenously  by  the 
degradative  action  of  bacteria  on  tyrosine  in  the  gut;  between  1.5  and  5  mg  of  phenol 
are  normally  excreted  p>er  liter  of  human  urine  per  day  (939). 

The  most  frequent  adverse  effects  of  phenol  reported  in  humans  result  from  skin 
contact  (949).  The  skin  is  a  primary  route  of  entry  for  the  solid,  liquid  and  vapor. 
The  vapor  readily  penetrates  the  skin  with  an  absorption  efficiency  equal  to  that  for 
inhalation  (46).  Signs  and  symptoms  can  develop  rapidly  with  serious  consequences 
including  shock,  convulsions,  cyanosis,  coma  and  death  (949).  Sax  (51)  reports  that 
death  can  occur  if  64  square  inches  of  body  surface  are  covered  with  phenol. 

Damage  to  internal  organs  has  also  been  described.  In  addition,  direct  contact  with 
the  skin  results  in  chemical  bums; 

i 

f 

Johnstone  and  Miller  (956)  described  the  case  of  an  ink-manufacturing  employee 
who  spilled  phenol  on  his  leg,  abdomen  and  chest.  Although  he  immediately  flushed 
the  areas  with  water,  he  died  within  15  minutes.  Post-mortem,  examination  revealed 
extensive  first  and  second  degree  bums,  edema  and  hyperemia  of  the  lungs,  kidneys, 
pancreas  and  spleen.  In  another  case,  a  man  died  after  application  of  benzyl 
benzoate  (a  scabicide)  to  his  body  with  a  bmsh  that  had  b«n  soaked  overnight  in  an 
80%  phenol  solution.  Ten  minutes  after  the  application,  he  collapsed  and  began 
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convulsing.  He  died  shortly  thereafter.  Blood  samples  were  found  to  contain  4.7 
HgjraL  phenol  (957). 

Cardiac  arrhythmias  have  been  repo  .eo  in  people  undergoing  chemical  peeling 
of  sldn  lesions  with  40-80%  phenol  solutions.  Arrhythmias  are  the  primary  type  of 
morbidity  associated  with  these  procedures  (958). 

The  lowest  oral  lethal  dose  reported  in  humans  is  140  mg/kg  (59);  however, 
ingestion  of  65  g  of  pure  phenol  or  120  g  crude  phenol  have  been  survived  (12). 
Ingestion  causes  severe  bums  of  the  mouth  and  throat,  abdominal  pain,  cyanosis, 
muscular  weakness,  coma  and  death.  Tremcr,  convulsions  and  muscle  twitching  may 
also  occur  (46).  In  one  case,  a  woman  committed  suicide  by  ingesting  10-20  g  of 
phenol.  She  became  comatose  with  partial  absence  of  reflexes,  skin  pallor, 
accelerated  respiration,  rapid  pulse  and  dilated  pupils.  One  hour  after  ingestion,  she 
experienced  cardiorespiratory  arrest.  Attempts  at  resuscitation  were  made  for  2 
hours,  but  to  no  avail.  Autopsy  revealed  hyperemia  of  the  tracheal  and  bronchial 
membranes.  Histologic  examination  revealed  edema  of  the  liver  and  lungs  and 
hyperemia  of  the  intestines  (959). 

One  incident  of  environmental  poisoning  occurred  in  1974  when  a  derailed  train 
spilled  37,900  liters  of  100%  phenol  in  rural  Wisconsin.  Over  the  next  6  months, 
phenol  concentrations  as  high  as  1130  mg/L  were  noted  in  weu  water.  Individuals 
h'ving  near  the  site  who  inge',ted  the  phenol-contaminated  water  experienced  burning 
sensations  in  the  mouth,  mouth  sores,  skin  rashes,  diarrhea  and  darkened  urine 
(probably  from  oxidation  products  of  phenol).  Exposed  individuals  had  estimated 
phenol  intakes  of  10-240  mg/person/day.  Physical  and  laboratory  examinations  6 
months  after  the  spill  revealed  no  abnormalities  in  individuals  vAo  had  consumed  the 
contaminated  water  (961). 

Owing  in  part  to  its  low  volatility,  phenol  is  not  considered  a  serious  respiratory 
htaard  (46).  Inhalation  of  15-52  ppm  phenol  for  8  hours  (with  two  30-minute 
breaks)  using  a  face  mask  produced  no  ill  effects  in  8  human  volunteers  (960). 
Various  studies  have  demonstrated  that  phenol  has  odor  warning  properties  at 
concentrations  far  below  those  at  which  toxic  effects  occur  (reviewed  in  3898).  Using 
a  standardized  procedure  with  trained  odor  analysts,  Leonardos  ct  al.  (3923) 
determined  the  odor  threshold  for  phenol  to  be  0.047  ppm  volume;  the  panel  of 
analysts  described  the  odor  as  "medicinal". 

Phenol  is  irritating  to  the  eyes,  nose  and  threat.  Concentrated  phenol  solutions 
are  severely  irritating  to  the  human  eye,  causing  conjunctival  and  corneal  damage.  In 
some  cases,  the  eye  lids  have  been  severely  damaged.  In  one  case,  severe  iritis 
accompanied  corneal  injury  (3913). 

36-3.2.2  Chronic  Toxioologic  Effects 

Chronic  phenol  poisoning  is  infrequently  reported.  Severe  chronic  poisoning  in 
man  is  characterized  by  systemic  disorders  which  may  include  anorexia,  vomiting. 
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excessive  salivation,  headache,  dizziness  and  sldn  eruption.  Fatalities  occur  when 
there  is  extensive  damage  to  the  liver  and  kidneys  (M9,12). 

Prolonged  cutaneous  exposure  may  result  in  ochronosis,  a  discoloration  of 
collagenous  tissue.  NIOSH  (949)  cites  numerous  reports  of  ochronosis  occurring  in 
the  early  part  of  this  century  attributed  to  the  use  of  dressings  impregnated  with 
5-10%  phenol  solutions  for  periods  ranging  from  3  tc  24  years.  Merliss  (962) 
reported  a  case  of  a  laboratory  worker  exposed  to  phenol,  cresol  and  xylenol  both 
dermally  and  by  inhalation.  Signs  and  symptoms  appeared  slowly  and  included  loss  of 
appetite  and  b^y  weight,  muscle  pain,  weakness  and  dark  urine.  After  13.5  years  of 
exposure,  examination  revealed  an  emaciated  individual  with  an  enlarged  liver  and 
elevated  liver  enzyme  levels.  After  exposure  was  discontinued,  recovery  was  slow. 
Seven  months  later  he  had  gained  7.6  kg  and  his  lis-er  was  no  longer  palpable. 

363  J  Levels  of  Concern 

The  USEPA  (3770)  has  established  an  ambient  water  quality  criterion  for  the 
protection  of  human  health  for  phenol  of  3.5  mg/L  This  criterion  was  developed 
based  on  the  lowest-observed-adverse-effect  level  (i.e.,  slight  kidney  damage)  in 
chronic  oral  studies  with  rats,  an  uncertainty  factor  of  500  and  the  assumption  that 
two  liters  of  drinking  water  are  consumed  by  a  70-kg  adult  daily. 

Subchronic  oral  studies  in  rats  by  Dow  Chemical  Company  demonstrated  slight 
kidney  damage  at  50  mg/kg  (3908).  Bruce  et  al.  1987  (3898)  and  USEPA  (3955) 
identify  this  as  the  oral  LOAEL  (lowest-obscrved-adverse  effect  level)  for  phenol. 
Based  on  the  LOAEL  and  an  uncertainty  factor  of  500,  USEPA  (3955)  calculated  an 
oral  Acceptable  Intake  Subchronic  (AIS)  of  7.0  mg/man/day  for  ingested  phenol.  An 
oral  reference  dose  (RfD,)  of  600  Mg/k^day  has  been  derived  by  the  USEPA  (3744). 
A  reportable  quantity  (RQ)  for  phenol  of  1000  lbs  (454  kg)  has  been  calculated 
(3885). 

OSHA  (3539)  currently  permits  exposure  to  5  ppm  (19  mg/m’)  averaged  over  an 
8-hour  work-shift.  The  ACGIH  (3005)  recommends  the  same  concentration  as  a 
threshold  limit  vah'e. 

363.4  Hazard  Assessment 

Phenol  is  readily  absorbed  Iron  all  routes  of  entry.  Ihe  majority  of  human 
lethal  values  are  in  the  5-40  g  range.  Central  nervous  system  disturbances  together 
with  peripheral  vasodilation  result  from  an  acute  lethal  dose  of  phenol,  leading  to 
sudden  collapse,  unconsciousness  and  death  due  to  respiratory  arrest.  Ingestion  of 
nonlethal  amounts  of  phenol  can  result  in  burning  in  the  mouth,  mouth  sores, 
headache,  vomiting,  diarrhea,  back  pain  and  production  of  dark  urine. 

Concentrations  of  up  to  5000  ppm  of  phenol  in  the  drinking  water  of  both  mice 
and  rats  was  not  carcinogenic  for  either  species  (941).  Repeated  skin  application  of 
large  amounts  of  phenol  does  appear  to  promote  tumor  development  in  sensitive 
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mouse  strains  but  not  in  standard  inbred  strains  of  mice.  The  tumongenic  activity  of 
phenol  on  mouse  skin  appears  to  be  related  to  its  irritancy  and  the  resulting  skin 
hyperplasia.  Neither  LAJJ-C  (803)  nor  the  NTP  (883)  have  classified  phenol  with 
regard  to  carcinogenic  activity. 

Bacterial  mutagenicity  tests  provide  primarily  negative  findings  for  phenol. 

Phenol  increased  sister  chromatid  exchanges  in  human  lymphocytes  in  vitro.  The 
greatest  concern,  however,  is  an  unconfirmed  report  of  dose-related  changes  in  the 
chromosomes  of  mouse  spermatogonia  and  primary  spermatocytes  following  gavage 
administration  of  aqueous  phenol  solutions  at  dosages  as  low  as  6.5  ^g/kg/day  (963). 

Unknown  factors  such  as  tissue  distribution  and  DNA  repair  capabilities  of 
different  tissues  and  species  make  any  discussion  of  the  genetic  implications  for 
humans  more  speculative  than  factual.  The  negative  carcinogenic  response  in  lifetime 
studies  with  both  rats  and  mice  given  5000  ppm  phenol  in  their  drinking  water  plus 
the  fact  that  phenol  is  a  normal  constituent  of  human  tissues  and  fluids  indicate  that 
both  humans  and  laboratory  animals  can  handle  long-term,  low-level  exposures  to 
phenol  with  no  apparent  untoward  effects.  Nevertheless,  this  particular  finding 
warrants  validation  in  order  to  clarify  the  variance  of  its  effect  level  from  other 
reported  effect  levels  as  well  as  the  potential  implications  of  this  study  to  humans  if 
the  results  are  substantiated. 

Animal  studies  suggest  no  indications  of  embryoloxic  nor  teratogenic  effects 
associated  with  phenol  exposure.  Slight  to  moderate  kidney  damage  and  slight  liver 
changes  have  been  reported  in  rats  given  135  daily  doses  of  100  mg/kg  phenol  by 
gavage.  Rats,  however,  have  been  able  to  tolerate  much  larger  dos^  in  drinking 
water  (55  mg/rat/day  or  about  280  mg/kg  for  a  200  g  rat)  probably  due  to  its  rapid 
metabolism  as  well  as  the  intermittent  nature  of  dosing  in  contrast  to  exposure  by 
gavage. 

36.4  SAMPLING  AND  /uNALYSIS  CONSIDERATIONS 

Determination  of  phenol  concentrations  in  soil  and  water  requires  collection  of  a 
representative  Geld  sample  and  laboratory  analysis.  Soil  and  water  samples  are 
collected  in  glass  containers;  extraction  of  samples  should  be  completed  within  7  days 
of  sampling  and  analysis  completed  within  30-40  days.  In  addition  to  the  targeted 
samples,  quality  control  samples  such  as  Geld  blanks,  duplicates,  and  spiked  sample 
matrices  may  be  speciGed  in  the  recommended  methods. 

EPA-approved  procedures  for  the  analysis  of  phenol,  one  of  the  EPA  priority 
pollutants,  in  aqueous  samples  include  EPA  Methods  604,  625,  and  1625  (65),  80^ 
and  8250  (63).  Prior  to  analysis,  samples  are  extracted  with  methylene  chloride  as  a 
solvent  using  a  separatory  funnel  or  a  continuous  liquid-liquid  extractor.  Methods 
604  and  8040  also  provide  for  a  perGuorobenzyl  bromide  (PFB)  derivatization  of  the 
sample  extract  with  additional  clean-up  procedures  if  interferences  are  present  in  the 
sample  matrix.  An  aliquot  of  the  concentrated  sample  extract  with  or  without 
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ilerivatization  is  injected  onto  a  gas  chromatographic  (GC)  column  using  a  solvent 
flush  technique.  The  GC  column  is  programmed  to  separate  the  semi-volatile 
organics;  phenol  is  then  detected  with  a  flame  ionization  detector  (Methods  604  and 
8040  without  derivatization),  as  its  PFB  derivative  with  an  electron  capture  detector 
(Methods  604  and  8040  with  derivatization)  or  with  a  mass  spectrometer  (Methods 
625  and  1625). 

The  EPA  procedures  recommended  for  phenol  analysis  in  soil  and  waste  samples, 
Methods  8040  and  8250  (63),  differ  from  the  aqueous  procedures  primarily  in  the 
preparation  of  the  sample  extract.  Solid  samples  are  extracted  using  either  soxhlet 
extraction  or  sonication  methods.  Neat  and  diluted  organic  liquids  may  be  analyzed 
by  direct  injection. 

Other  methods  for  the  determination  of  phenol  in  water  include  high 
performance  liquid  chromatography  (HPLQ  with  electrochemical  detection  (3589, 
3459),  with  UV  absorption  (3588),  or  with  fluorescence  detection  (3502). 
Spectrophotometric  measurement  of  phenol  following  reaction  with  a  succinimide 
reagent  has  also  been  described  (3023).  The  HPLC  methods  use  reversed-phase 
columns  for  analytical  separations  and  in  some  cases  precolumiis  to  concentrate  the 
samples  (3588,  3502).  Determinations  can  be  made  on-line  (3302)  or  with  automated 
instrumentation  (3588).  Both  fluorescence  and  electrochemical  detection  offer  very 
high  sensitivity  (i.e.,  sub  ngfL).  A  remote  method  based  on  laser  induced 
fluorescence  has  also  been  described  (3023). 


Typical  phenol  detection  limits  that  can  be  obtained  in  waste  waters  and 
nonaqueous  samples  (wastes,  soils,  etc.)  are  shown  below.  The  actual  detection  limit 
achieved  in  a  given  analysis  will  vary  with  instrument  sensitivity  and  matrix  effect.*;. 

Aqueous  Detection  Limit  Nonaqueous  Detection  Limit 


1.4  ngfL  (Method  8040 
without  derivatization) 

22  ngfL  (Method  8040 
with  derivatization) 

15  ngfL  (Method  8250) 

10  ng/L  (Method  1625) 
0.14  (Method  604 
without  derivatization) 
2.2  ngfL  (Method  604 
with  derivatization) 

1.5  ngfL  (Method  625) 

34  Mg/L  (3589) 


94  tig/kg  (Method  8040/nD) 

1.5  ng/g  (Method  8040/ECD) 
1  ng/g  (Method  8250) 
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APPENDIX  1  I 

USEFUL  HANDBOOKS,  DATABOOKS,  RESPONSE  GUIDES 
AND  AIR  FORCE  DOCUMENTS 

A  listing  of  useful  handbooks,  databooks  and  response  guides,  all  relating  to  the 
release  of  hazardous  or  toxic  chemicals  to  the  environment,  the  properties  and 
hazards  of  the  chemicals,  initial  responses  to  spills  ofjsuch  chemicals,  or  subsequent 
remedial  action  follow.  The  contents  of  each  publication  is  briefly  described.  The 
following  listing  is  not  intended  to  be  inclusive  of  all  ^ubb'cations  of  this  kind. 
However,  it  is  felt  that  the  acquisition  and  central  location  of  these  reports  (at  key 
Air  Force  ofEces)  would  provide  a  valuable  resource.  I 


•  A  Method  for  Determining  the  ComparibHitv  rf  Hazardous  Wastes 

Authors:  H.  K.  Hatayama  et  al.  (Apnl  1980) 

Available  from:  U.S.  Environmental  Protection  Agency 

Municipal  Em/ironmental  Research  Laboratory 
Cincinnati,  OH  [ 

(EPA  Report  No.  EPA-600/2-80-076) 

(NTIS  Report  No.  PBSO-2^1005) 

Contents:  Provides  method  and  chart  ifor  defining  compatibility  of 

various  families  of  hazardous  materials  and  wastes. 


•  Acddent  Management  Orientation  Guide 


Authors:  D.  K.  Shaver  et  al.  (October  1983) 


Available  from:  Air  Force  Rocket  Propulsion  Laboratory 

Air  Force  Systems  Command 
Edwards  Air  Force  Base 
California  93523  I 

(Report  No.  AFRPL-TR-82-075) 

! 

Contents:  This  document  identifies  guidelines  for  mitigrating 

hazards  associated  with  an  in-service  railroad  derailment  or 
a  railroad  yard  accident  involving  hazardous  materials  of 
interest  to  the  Air  Force,  j 
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•  r«iboii  Adsorption  iMthenns  for  Tcnk  Organka 

Authors:  R.  A  Dobbs  and  J.  M.  Cohen  (April  1980) 


Available  from:  U.S.  Environmental  Protection  Agency 

Office  of  Research  and  Development 
Cincinnati,  OH 

(EPA  Report  No.  EPA-600/8-«W)23) 

Contents:  Provides  detailed  data  on  the  effectiveness  of  carbon  for 

removal  of  organic  substances  from  water. 


•  Chemical  Hazards  of  the  Wortniace 

Authors:  N.  H.  Proctor  and  J.  P.  Hughes  (1978) 

Available  from:  J.  B.  Lippincott  Company 

Philadelphia,  PA 

Contents:  Provides  data  on  the  toxicological  effects  of  chem- 

^  icals  and  suggests  medical  treatment  protocols  in  more 

detail  than  given  elsewhere. 


•  CHRIS  Hazardous  Qbemicyl  Data 

Author:  U.S.  Coast  Guard  (1985) 

Available  from:  Superintendtn*  of  Documents 

U.S.  Government  Printing  Office 
W^ihington,  D.C.  20402 
(Stock  No.  050-012-00147-2) 


Contents:  Provides  a  wide  variety  of  data  on  more  than  1000 

hazardous  materials  when  ordered  with  various  addendums. 
A  separate  volume  (Stock  No.  050-012-00158-8)  provides 
graphs  of  temperature  dependent  physical  properties. 
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•  Dangerous  Properties  of  Industrial  Materiab.  7th  editioa 

Author:  N.  I.  Sax,  ed  (1989) 

Available  from:  Van  Nostrand  Reinhold 

New  York,  NY 

Contents:  A  well-known  handbook  that  provides  a  brief  summary  of 

the  toxicology  and  properties  of  numerous  hazardous 
substances. 


•  Dangerous  Properties  of  Industrial  Materials  Report 

Author:  N.  I.  Sax,  ed.  (bimonthly  publication) 

Available  from:  Van  Nostrand  Reinhold  Company 

New  York,  NY 

Contents:  Each  bimonthly  report  provides  detailed  data  on  the 

hazards  and  environmental  effects  of  several  chen.icals. 
Much  of  the  data  is  from  the  EPA’s  Oil  and  Hazardous 
Materials-Technical  Assistance  Data  System  (OHM-TADS) 
and  similar  sources. 


•  Emergency  Action  Guides 

Authors:  P.  C.  Conlon  and  A  M,  Mason,  eds.  (1984) 

Available  from:  Bureau  of  Explosives 

Association  of  American  Railroads 
1920  L  Street  N.W. 

Washington,  D.C.  20036 

Provides  detailed  data  and  spill  response  information 
on  each  of  the  134  materials  that  comprise  over  98  percent 
of  the  hazardous  commodities  transported  by  rail  in  the 
United  States. 


Contents: 
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•  P-mgryenCT  TfnTxAin^  of  Hazardous  Materiah  in  Surface 
1V«gportatioD 

Author  P.  J.  Student,  ed.  (1981) 

Available  £rom:  Bureau  of  Explosives 

Association  of  American  Railroads 
1920  L  Street  N.W. 

Washington,  D.C  20036 

Contents:  Provides  brief  spill  response  recommendations  for  each 

hazardous  material  regulated  by  the  U.S.  Department  of 
Transportatioa 


EmerKoev  Resconse  Guiddx»k 

Author: 

Materials  Transportation  Bureau  (1987) 

Available  from: 

U.S.  Department  of  Transportation 

Materials  Transportation  Bureau 

Attention:  DMT-11 

Washington,  DC  20590 
(Publication  DOT  P5800.3) 

Contents: 

A  guide  for  initial  actions  to  be  taken  by  emergency 
service  personnel  during  hazardous  material  incidents. 

Fire  Protection  Guide  on  Hazardous  Materials 

Author: 

National  Fire  Proteciion  Association  (1986) 

Available  from: 

National  Fire  Protection  Association 

Batterymarch  Park 

Quincy,  MA  02269 

Contents: 

Eash  Point  Index  of  Trade  Name  Liquids  Fire  Hazard 
Properties  of  Flammable  Liquids,  Gases,  and  Volatile 
Solids  (NFPA  325M)  Hazardous  Chemicals  Data  (NFPA 
49)  Manual  of  Hazardous  Chemical  Reactions 
(NFPA491M) 

APPENDIX 


•  Groundwater  Contaminatjon  Response  Gukte.  Volumr  I:  Methodology. 
Vt^ume  IL  Dcsfc  Refereoce 

Authors:  J.  H.  Guswa  and  W.  J.  Lyman  (1983) 

Available  from:  National  Technical  Information  Service 

Springfield,  VA 

(as  U.S.  Air  Force  Report  ESL-TR-82-39) 
or 

Noyes  Pubhcations 
Park  Ridge,  NJ 

(under  the  title  'Groundwater  Contamination  and 
Emergency  Response  Guide*  (1984))* 

Contents:  Provides  an  overview  of  ground-water  hydrology  and  a 

cunent  technology  review  of  equipment,  methods,  and 
techiuques  used  to  investigate  incidents  of  ground  water 
contamination  by  chemicals. 


•Noyes  Publications  also  contain  a  reproduction  of  the  report  by  A  S. 
Donnigian,  Jr.  et  al.:  Rapid  Assessment  of  Potential  Ground-Water 
Contamination  Under  Emergency  Response  Conditions,  a  1983  report  to  the 
U.S.  Environmental  Protection  Agency. 


•  Ground- Water  Hydrology  Workbook 

Authors:  EW.  Artiglia  and  G.R.  New  (1984) 

Available  from:  USAF  Occupational  and  Environmental  Health 

Laboratory 

Brooks  AFB,  TX  78235 
(Report  No.  84-168EQ111DGB) 

Contents:  Summarizes  introductory  articles  in  ground-water 

hydrology  of  importance  to  base  bioenvironmental 
engineers  involved  with  the  IRP  program. 
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Gtiidelioes  Fittahikhmy  Test  Procedures  For  The  Analysis  of  Pollutants  Under 
the  Clean  Water  Act.  Aopaadh  Al 

Author  U.S.  Environmental  Protection  Agency  (1984) 

Available  from:  Federal  Register 

Volume  49(209):43234 
October  26,  1984 


Contents: 


.ukleline 


Methods  for  analysis  of  environmental  samples. 


for  the  election  of  Chemical  Protective  Clothing 


Authors: 


A.D.  Schwope  et  aL  (1987) 


Available  from: 


Contents: 


U.S.  Environmental  Protection  Agency 
Washington,  D.C 

Denotes  compatibility  of  rubber  and  plastic  clothing 
materials  with  various  chemicals;  provides  guidelines  for 
clothing  selection  and  use. 


Guidelices  for  the  Use  of  Chemicals  in  Removing  Hazardous 


Substances  Discharges 


Authors: 


C.  K-  Akers,  R.  J.  Pilie  and  J.  G.  Michalovic  (1981) 


Available  from: 


Contents: 


U.S.  Environmental  Protection  Agency 
Office  of  Research  and  Development 
Cincinnati,  OH 

(EPA  Report  No.  EPA-600/2-81-205) 

Report  provides  guidelines  on  the  use  of  various 
chemical  and  biological  agents  to  mitigate  discharges  of 
hazardous  substances. 
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Authors: 


Available  from: 


Gintents: 


J.  Ehreofeld  and  J.  Bass  (1983) 

U.S.  EnviroomentaJ  Protection  Agency 
Office  of  Research  and  Development 
Cincinnati,  OH 

(EPA  Report  No.  EPA-bOO/1^-076) 

Provides  information  on  over  SO  remedial  action 
technologies  for  cleanup  of  chemically-contaminated  sites. 


andbook  of  Chemical  Prooertv  Estimation  Methods 


(subtitle:  Environmental  Behavior  of  Organic  Compounds) 


Authors: 


Available  from: 


Contents: 


W.  J.  Lyman,  W.  F.  Rechl,  D.  H.  Rosenblatt,  eds.  (1982) 

McGraw-H'U  Book  Co. 

New  York,  NY 

Provides  estimation  methods  for  (and  discussion  of)  26 
environmentally-important  properties  of  organic  chemicals. 


andbook  of  Fnvimnmental  Data  on  Organic  Chemtcalx.  2nd  edition 


Author: 


Available  from: 


K.  Verschueren  (1983) 

Van  Nostrand  Reinhold 
New  York,  NY 


Contents: 


Provides  detailed  property  and  environmental  data  on 
numerous  orgam'c  sutetances. 
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Author  M.  Sittig  (198S) 


Available  from:  Noyes  Publications 

Park  Ridge,  NJ 

Contents:  Discrisses  a  wide  range  of  topics  for  numerous  chemicab, 

with  special  emphasis  on  toxicology  and  protective 
measures. 


•  HiiTardniis  Chemicals  Data  Book.  2nd  editioa 

Author:  G.  Weiss,  ed.  (1986) 

Available  from:  Noyes  Data  Corporation 

Park  Ridge,  NJ 


Contents:  Reproduction  of  data  (physicochemical  properties, 

hazards,  toxicity,  etc.)  related  to  chemical  spill  response 
from  (1)  CHRIS  Hazardous  Chemical  Data  (1978)  and  (2) 
Material  Safety  Data  Sheets  prepared  by  Oak  Ridge 
National  Laboratory. 


•  Herbicide  Handbook.  5th  edition 


Author: 


Weed  Science  Society  of  America  (1983) 


Available  from;  Weed  Science  Society  of  America 
309  West  Dark  Street 
Champaign,  IL  61820 


Contents:  Provides  basic  information  on  physiocochemical  proper¬ 

ties,  uses,  environmental  fate,  physiological  and  biochemical 
behavior,  and  toxicological  properties  for  most  herbicides 
in  use.  (Previous  editions  may  cover  out-of-use 
herbicides.) 
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•  Manual  for  the  Control  of  Hazardous  Material  Spills  -  VoL  1: 
SpiH  Aaaessmcot  and  Water  Treatracnt  Tcchniauat 


Authors: 

K.  R.  Huibregtse  et  aL  (November  1977) 

Available  from: 

U.S.  Environmental  Protection  Agency 

OfBce  of  Research  and  Development 

Cincinnati,  OH 

(EPA  Report  No.  EPA-600/2-77-227) 

Contents: 

Provides  both  general  and  specific  information  on 
responding  to  spills  of  hazardous  materials,  particularly 
those  into  water. 

•  Methods  to  Treat  Control  and  Monitor  Smiled  Hazardous  Materials 

Authors: 

R.  J.  PiUe  et  al.  (1975) 

Available  from: 

U.S.  Environmental  Protection  Agency 

Industrial  V/aste  Treatment  Research  Laboratory 

Edison,  NJ 

(EPA  Report  No.  EPA-670/2-75-042) 

Contents: 

Special  studies  of  selected  chemical  spill  response 
measures  plus  matrix  of  possible  spill  response  measures 
for  250  hazardous  liquids. 

•  NIOSH  Manual  of  Analytical  Methods.  3rd  edition 

Author: 

Peter  M.  Eller,  ed.  (1984) 

Available  from: 

Superintendent  of  Documents 

U.S.  Government  Printing  Office 

Washington,  D.C  20402 

Contents; 

Contains  sampling  and  analytical  methods  for  use  in 
industrial  hygiene  environmental  monitoring. 
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[A  Occupational  Health  GuideliiKt  fof  CbecJcal  Hazanfa 


Authors:  F.  W.  Macldson  et  aL,  eds.  (January  1981) 

Available  from:  Superintendent  of  Documents 

U.S.  Government  Printing  Office 

Washington,  D.C  20402 

(DHHS  (NIOSH)  Publication  No.  81-123) 


Contents:  Provides  information  on  tordcolcgy,  chemical  proper' 

ties,  first  aid,  and  personal  protective  clothing  and 
equipment  for  many  OSHA-regulated  commodities. 


•  Pattv*!  Industrial 

Hveiene  and  Toxicoloev  -  VoL  2A,B,C: 

Iffljpp-logy 

■ 

Authors; 

G.D.  Qayton  and  F.E  Clayton,  eds.  (1981-1982) 

Available  from: 

John  Wiley  &  Sons 

New  York,  NY 

Contents: 

Provides  extensive  discussion  of  the  properties  and 
toxicology  of  numerous  chemicals. 

•  Perrv’s  Chemical  Enrineers  Handbook 

Authors; 

R.  H.  Perry  and  D.  Green,  eds.  (1984) 

Available  from: 

McGraw-Hill  Book  Company 

New  York,  NY 

Contents; 

Contains  extensive  data  on  the  properties  of  chemicals 
and  on  their  compatibility  with  various  materials  of 
construction  (plus  numerous  other  topics). 
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•  Pesticide  Manual  7th  edition 

Author:  C  R.  Worthing,  ed.  (1983) 

Available  from:  British  Crop  Protection  Council  Publications 

Worcestershire  WR 13  15LP 
ENGLAND 

Contents:  Provides  a  brief  review  of  analysis,  uses  and  toxicity  of 

chemicals  and  microbial  agents  used  as  active  components 
of  pest-control  products. 


•  Post  Acddent  Procedures  for  Chemicals  and  Propellants 

-  Interim  Report  for  the  Period  8/lly80  to  3/31/81  (September 
1982)  (Report  No.  AFRPL-TR-82-031) 

-  Interim  Report  for  the  Period  4/81  to  1/82  (September  1982) 

(Report  No.  AFRPL-TR-82-032) 

-  Guidelines  Manual  (January’  1983)  (Report  No.  AFRPL-TR-82-077) 

Authors:  D.  K.  Shaver  et  al. 

Available  from:  Air  Force  Rocket  Propulsion  Laboratory 

Ail  Force  Systems  Command 
Fdwards  Air  Force  Base 
California  93523 

Contents:  Tnis  is  a  series  of  manuals  providing  information  and 

data  required  to  respond  to  spills  of  chemicals  and 
propellants  of  special  inierest  to  the  Air  Force. 
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•  OunKty  rriteria  for  Water 


Author 

U.S.  Environmental  Protection  Agency  (July  1976) 

AvaOable  from: 

Superintendent  of  Documents 

U.S.  Government  Printing  Office 

Washington,  D.C  20402 
(Stock  No.  055-001-01049-4) 

Contents: 

This  is  EPA’s  well-known  guide  to  water  quality 
criteria  commonly  referred  to  as  the  *redb^k.* 

•  Redstrv  of  Toxic  Effects  of  Chenucd  Substances 

Authors; 

R.  L.  Tatken  and  R.  J.  Lewis,  Sr.,  eds.  (June  1983) 

Available  from: 

Superintendent  of  Documents 

U.S.  Government  Printing  Office 
,  Washington,  D.C.  20402 
(DHHS  [NIOSH]  Publication  83-107) 

Contents; 

Summarizes  results  of  primarily  short-term 
toxicological  experiments  for  thousands  of  chemicals. 

•  Standard  Methods  for  th<;  Examination  of  Water  and  Wastewater. 

15th  edition 

Authors: 

Arnold  Greenberg  et  al.,  eds.  (1985) 

Available  from: 

American  Public  Health  Association 

1015  18th  Street 

Washington,  D.C 

Contents: 

Methods  for  analysis  of  environmental  samples. 
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•  Supplement  to  Developroent  DoounenL  Hazantoia  Substances 
ReyulflrifWK-  FWPCA  as  An^ded  1972 


Author 

U.S.  Environmental  Protection  Agency  (November  1975) 

Available  from: 

U.S.  Environmental  Protection  Agency 

OSice  of  Water  Planning  and  Standards 

Washington,  D.C  20460 

Contents: 

Discusses  the  environmental  effects  of  numerous  water 
pollutants. 

•  Test  Methods  for  Evaluatine  Soh’d  Waste-Phvsical  Chemical 

Methods.  3rd  edition 

Author: 

U.S.  Environmental  Protection  Agency  (1987) 

Available  from: 

Superintendent  of  Documents 

U.S.  Government  Printing  Office 

Washington,  D.C.  20460 
(Report  No.  SW-846) 

Contents: 

Methods  for  analysis  of  environmental  samples. 

•  TLVs-Thresbold  limit  Values  for  Chemical  Substances  and  Phvsical 

Averts  in  the  Work  Environment  and  Biolopcal  Exposure  Indices 

with  Intended  Cfaanees  for  1987-1988 

Author: 

American  Conference  of  Governmental  Industrial 

Hygienists  (1987) 

Available  from: 

American  Conference  of  Governmental  Industrial 

Hygienists 

6500  Gleiiway  Ave.,  Bldg.  D-5 

Cincinnati,  OH  45211 

Contents: 

This  booklet  (or  the  latest  version  of  it)  presents 
recommended  exposure  limits  for  airborne  concentrations 
of  toxic  materials  in  the  'vorking  environment. 

I 
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•  (rf  tbc  Eye 

Author.  W.  M.  Grant  (1986) 


Available  from:  Charles  C  Thomas  •  Publisher 

Springfield,  IL 


Contents: 

An  excellent  source  of  information  on  the  effects  of 
numerous  chemicals  and  other  substances  on  the  eyes. 

Author: 

USAF  Occupational  and  Environmental  Health  Laboratory 
(January  19^) 

Available  from: 

USAF  Occupational  and  Environmental  Health 

Laboratory 

Brooks  AFB,  TX  78235 
(Limited  Distribution) 

Contents: 

Outlines  standardized  sampling  procedures  with 
appropriate  collection  and  preservation  techniques  for  , 
submission  of  samples  to  USAF  OEHL  for  analysis. 

Authors: 

M.  A  Callahan  ct  al.  (December  1979) 

Available  from: 

U.S.  Environmental  Protection  Agency 

Washington,  D.C. 

(EPA  Report  No.  EPA-440/4-79-029a  and  -029b) 

(NTIS  No.  PB80.204373  and  PB80-204381) 

Contents: 

Individual  chapters  address  the  fate  of  priority 
pollutants  in  the  environment. 
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PUBUCATION 
APR  161-8 

AFR  161-17 

AFR  161-44 

AFR  19-1 
AFR  19-7 

DEOPPM  80-8 
DEQPPM  80-9 

DEQPPM  81-5 

EO  12088 

GWMR 

ERPMC 

LEEV  LTR 


COMMENT 


Establishes  USAF  pennissible  exposure  liioits  for  chemical 
substances. 

Establishes  USAF  OEHL  consultant  services  in  Environmental 
Engineering,  Industrial  Hygiene,  Occupational  Health,  Radiation 
Protection,  and  Analytical  Chemistry. 

Establishes  USAF  drinking  water  standards  for  common 
contaminants.  For  the  mo;t  part,  these  are  the  same  as  the 
National  Prima'y  and  Second^  Drinking  Water  Standards. 

Establishes  the  USAF  Environmental  Protection  Program. 

Establishes  responsibilities  for  environmental  monitoring  for  Air 
Force  installations.  This  regulation  defines  the  roles  of  the  Civil 
Engineer,  the  Bioenvironmental  Engineer,  and  others  with  respect 
to  environmental  pollution  monitoring. 

DoD  implementation  of  RCRA, 

DoD  guidance  on  the  pro{>er  handling,  storage,  and 
disposal  of  PCB  and  PCB  items. 

DoD  guidance  on  the  Installation  Restoration  Program  to  identify 
and  evaluate  past  DoD  hazardous  material  disposal  sites  on  DoD 
installations  and  control  migration  from  such  sites. 

Requires  federal  compliance  with  applicable  federal,  state,  and 
local  pollution  control  standards  (procedural  and  substantiative) 
the  same  as  any  other  industry  or  private  person. 

Quarterly  publication  on  ground-water  monitoring  remedial 
actions.  Presents  technical  articles  on  contaminant  transport, 
analytical  methods,  sampling  methodology,  and  data  interpretation. 

Establishes  the  management  concept  for  the  IRP  Phase  II 
program. 

Policy  letters  formulated  by  USAF  HQ/LEEV. 
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NCP 


Establishes  procedures  for  response  to  potential  for  confirmed 
contamination  of  our  nation. 
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APPENDIX  2 

UA  Am  FORCE  POINTS  OF  CONTACT  FOR  THE 
INSTALLATION  RESTORATION  PROGRAM 

•  Mr.  Gary  D.  Vest 
Maj.  Patrick  T.  Fink 
SAF/MIQ 

Washington,  D.C  20330-3000 
AV  227-9297 

Comincrsial:  (202)  696-9297 

OSice  of  the  Assistant  Secretary  of  the  Air  Force 
Deputy  for  Environment  and  Safety 

Responsible  for  overall  Air  Force  IRP  guidance. 


mp  GROUP 

•  Maj.  Scott  L  Smith,  Branch  Chief 
AV  297-0275 

Responsible  for  IRP  engineering  policy  formulation, 

•  Maj.  Roy  K.  Soloman 
AV  297-0275 

Responsible  for  Environmental  Compliance  Assessment  and 
Management  Program  (ECAMP),  Environmental  Protection  Committee, 
and  IRP  implementation. 

•  Col.  Raymond  A  Malinovsky 

Chief,  Environmental  Quality  Division 
Director  of  Engineering  and  Services 
HQ  USAF/LEEV 
Br>C;r  2  Ar  Force  Base 
asiiing.on,  DC  20332-5000 

•  Capt.  Gerald  L  Hromowyk 
AV  297-C275 

Responsible  for  spill  policy  and  management  information  systems. 

•  Capt.  Charles  M.  Groover 
AV  297-0275 

Responsible  for  underground  storage  tanks  and  training. 

•  Mr.  Earl  E.  Kneeling 
AV  297-4174 

Responsible  for  Defense  Environmental  Restoration  Program  policy. 
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Mr.  Jeffery  J.  Short 
AV  297-0275 

Responsible  for  Third  Party  Sites. 
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•  CoL  Thayer  1.  Lewis,  Giief 
Bioenvironmental  Engineering 
HQ  USAF/SGPA 

Bolling  AFB,  DC  20332-6188 
AV  297-1737 

Commercial:  (202)  767-1737 

•  LL  CoL  Edward  W.  Artiglia 
AV  297-1738 

Responsible  for  IPR  medical  service  policy  formulation. 


•  Col.  Frank  P.  Gallagher 
HQ  /J=ESC/RDV 
Tyndall  AFB,  FL  32403-6001 
AV  970-2097/2098 
Commercial:  (904)  283-2097/2098 

USAF  Engineering  and  Services  Center 
Engineering  and  Services  Laboratory 
Environics  Division 

Responsible  for  L^P  engineering  research  and  development. 


•  Mr.  Emile  Y.  Baladi 
USAF  OEHl/rS 
Brooks  AFB,  TX  78235-5000 
AV  240-2158/2159 
Commercial:  (512)  536-2158/2159 

USAF  Occupational  and  Environmental  Health  Laboratory  Technical 
Services  Division 

Responsible  for  IRP  Phase  n  technical  program  management. 
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•  Dr.  JcEErey  W.  Fisher 
AAMRUniA 

Wright-Pattcrson  AFB,  OH  45433-^73 
AV  785-2704 

Commercial:  (513)  255-2704 

Harry  G.  Armstrong  Aerospace  Medical  Research  Laboratory  Toxic  Hazards 
Division 

Responsible  for  IRP  health  effects  research. 


•  Lt  Col.  Stanley  O.  Kewins 
USAF  OEHL/ECO 
Brooks  ArB,  TX  78235-5000 
AV  240-2063 

Commercial:  (512)  536-2063 

USAF  Occupational  and  Enviionmental  Health  Laboratory  Consultant 
Services  Division 
Environmental  Health  Branch 

Responsible  for  Toxicology  Consultant  Service. 


•  Major  Air  Command  Bioenvironmental  Engineers 

See  latest  edition  of  the  "Worldwide  Listing  of  Bioenvironmental 
Engineering  and  Environmental  Health  Personnel." 

Responsible  for  implementing  IRP  policy  and  management  decisions  and 
coordinating  with  state/local  regulatory  agenciet. 


f 


APPENDIX  A-20 

APPET^DO 

MATH,  CONVERSIONS  AND  EQUIVAUENTS 

•  Calculation  of  Air  W/V  Conversion  Factors 

One  liter  of  air  at  25  *C  (298.16  *K)  contains: 

(1  atm)(l  liter) _  =  0.040874  moles  of  gas. 

.()82i  liter  atin/mole)(29S.l^  ‘K) 

Hence,  one  liter  of  air  contains; 

MW  X  10^  X  0.040874  grams  of  a  contaminant  at  1  ppm. 

This  is  the  same  as  saying  1  m’  of  air  contains: 

MW  X  0.040874  mg  of  a  contaminant  at  1  ppm. 

For  example,  chloroform  has  a  MW  of  1 19.39.  Thus, 

1  ppm  =  119.39  X  0.040874  »  4.88  mg/'m’  at  25“C. 

•  Conversion  for  Solutes  in  Water 

1  mg/L  »  1  ppm  (by  weight). 


•  Conversion  of  Percent  in  Food.  Water  or  Air  to  Parts  Per  Million 


X%  =  X  parts  per  !00  parts 


X  (10*) 


ppm. 


•  Conversion  of  Parts  Per  Million  in  Food  or  Water  to  mp/ky  bw/dav 


Since  both  food  intake  and  body  weight  vary  with  age  (and  some  times,  with 
treatment),  there  is  no  single  factor  that  precisely  converts  parts  per  million  (ppm)  in 
food  or  water  to  mg/kg  body  weight/day.  However,  by  assuming  100%  absorption  and 
adopting  a  set  of  standard  values  for  each  species  for  daily  food,  water  and  air  intake 
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and  average  body  weight,  one  can  convert  a  ppm  dosage  level,  within  reasonable 
limits,  to  mg/kg  bw/day  for  the  sake  of  comparisons. 

The  following  standard  body  weights  and  intake  values  were  used  to  convert 
dietary  or  respiratory  intakes  to  estimated  daily  dose  rete: 


Food 

Approximate 

Minute 

Bodv  Weieht 

Consummion 

Wa'tiT  Intake 

Volume 

Soedes 

(kg) 

(g'day) 

(mLyday) 

(m’/min) 

Human 

Iff’ 

70 

700 

2000 

7.4  x 

Mouse 

Iff’ 

0.025 

3 

4.5 

Z3  X 

Rat 

0.3 

15 

20 

1.0  X 

itr* 

Monkey 

Iff" 

5 

250 

500 

8.6  X 

Rabbit 

Iff’ 

2 

60 

330 

1.1  X 

10 

250 

500 

5.2  X 

Guinea  pig 

0.5 

30 

85 

1.6  X  10-" 

For  example,  at  a  dietary  concentration  of  1  ppm  ot  Chemical  X,  an  average 
adult  mouse  would  consume  3  g  of  food  per  day  or  0.12  mg  of  Chemical  Xykg 
bw/day.  This  value  was  calculated  as  follows: 

Intake  (mg/kg  bv/day)  =  food  consumption  (g/day)  x  dietary  concentration 

(ppm)  X  Ig/lO*  g  diet  x  1000  mg/g  x  1/bw  (kg). 

•  Cakrilation  of  Respiratory  Uptake 

Uptake  (mg)  =  Concentration  (mg/m’)  x  minute  volume  (mVmin)  x 
retention  factor  (assume  1.0  unless  value  is 
known)  x  time  (minutes). 

•  Temperature  Conversiocs 

The  formulas  given  below  were  used  to  convert  temperatures  from 
one  scale  to  another. 

To  convert  temperatures  given  in  Celsius  to  Fahrenheit: 

T  =  9/5  CC)  +  32 

To  convert  temperatures  given  in  Fahrenheit  to  Celsius: 

•C  =  5/9  (  *F  -  32) 
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APPENDIX  4 

.  STATE  WATER  QUALITY  AGENCIES  AND  CONTACTS 
Alabama  Arizona 


Department  of  Environmental 
Management 
Water  Division 
1751  Dicldnson  Drive 
Montgomery,  AL  36130 
(205)  271-7823 
Charles  Horn 

Alaska 

Department  of  Environmental 
Conservation 
Water  Quality 
Management  Section 
3601  C  Street 
Suite  1334 

Anchorage,  AK  99503 
(907)  563-6529 
Bill  Ashton 

Department  of  Environmental 
Conservation 
Wastewater  & 

Water  Treatment  Section 
P.O.BOX  0 
Juneau,  AK  99811 
(907)  465-2653 
Charlene  Denys 

Arizona 

Department  of  Environmental 
Quality 

Safe  Drinking  Water  Unit 
2655  East  Magnolia 
Phoenix,  AZ  S5034 
(602)  257-2214 


Department  of  Environmental 
Quality 

2005  North  Central 
Room  300 
Phoenix,  AZ  85004 
(602)  257-2333 
Dave  Woodruff 

Mam 

Department  of  Pollution 
Control  &.  Ecology 
Water  Quality  Division 
P.O.  Box  9583 
LitUcRocLAR  72219 
(501)  562-7444 
Bill  Keith 

Department  of  Health 
Drinldog  Water  Office 
4815  West  Markham 
Little  Rock,  .^R  72205 
(501)  661-2623 
Bob  Macon 

CalifoiTiia 

Water  Resources  Control 
Board 

Division  of  Water  Quality 
901  P  Street 
Sacramento,  CA  95814 
(916)  322-0212 
Jessica  Lacy/Fred  La  Caro 
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Departiiifcst  of  Health  Services 
Public  Water  -';.pply  Branch 
2151  Berkel'  Way 
Berkeley,  CA  94704 
(916)  323  -1670/(415)  540-2172 
Nadine  Feletto/  Da^  Spath 

Colorado 

EPA  Regional  Office 
(Region  8) 

999  18th  Street 
Suite  500 

Denver  Place  8WM-SP 
Denver,  CO  80202-2405 
(303)  293-1586/FTS  564-1586 
Bill  Wuerthel 

EPA  Regional  Office 
(Region  8) 

Drinking  Water 
999  18th  Street 
Suite  500 

Denver  Place  8WM-DW 
Denver,  CO  80202-2405 
(303)  293-1831 
Marti  Swicker 

Connecticut 


State  Department  of  Health 
Services 

Water  Supply  Section 
150  Washington  Street 
Hartford,  CT  06106 
(203)  566-1253 
Henry  Link/Sl-iven  Messer 


Department  of  Environmental 
Protection 

Division  of  Environmental 
Quality 

122  Washington  Street 
Hartford,  CT  06106 
('203)  566-7049 
Jim  Murphy 

Department  of  Environmental 
Protection 

Division  of  Environmental 
Quality 

122  Washington  Street 
Hartford,  CT  06106 
(203)  566-34% 

Robert  Hartman 


Department  of  Health  Services 

Dr^king  Water  Office 

P.O.  Box  637 

Dover,  DE  19903 

(302)  736-4731 

Jane  Lane/Richard  Howell 

Department  of  Natural 
Resources 

Water  Quality  Section 
89  Kings  Hwy. 

P.O.  Box  1401 
Etover,  DE  1 9903 
(302)  736-4590 
John  Davis 
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Department  of  Consumer 
and  Regulatory  Affain 
Water  Quality  Section 
5010  Overlook  Ave  SW 
Washington  DC  20032 
(202)  767-7370 
Jim  Collier 


US  Army  Corp.  Ennneen 
Washington  Aquedub 
Division  | 

5900  MacAnhur  Bl>}d.  NW 
Washington  DC  20315-0220 


(202)  282-2''41 
Donald  Behaven 

Bfirida 


Department  of  Environmental 
Regulation 

2600  Blair  Stone  Read 
1  win  Towers  Bldg. 
Tallahawee.  FL  31^99-2400 
(904)  487-1779/(904)  487-0505 
John  Labie 

Department  of  Envitonmcntal 
Regulation  j 

2600  Blair  Slone  Rdad 
Twin  Towers  Bldg. 

Tallahassee,  FL  32399-2400 
(904)  488-0780  j 

Bruce  De  Gr  ove  ! 


Department  of  Enviironmental 
Regulation 

2600  Blair  Stone  Road 
Twin  Towers  Bldg. 
Tallahassee,  FI.  32399-2400 
(904)  487-1762 
Mike  WeathcringtorV  Kent 
Kimei 


fftofgia 

Department  of  Natural 

Resources 

205  Butler  Sl.  S£ 

Suite  1058 
Atlanta,  GA  30334 
(404)  6564708 
Ran^  Durham 

Department  of  Natural 
Resources 

Drinking  Water  Program 
205  Butler  St.,  SE 
Suite  1066 
East  Tower 
Atlanta.  GA  30334 
(404)  656-5660 
Fred  Lehman 


Department  of  Health 
Safe  Drinking  Water 
Branch 

P.O.  Bo*  3378 
Honolulu.  HI  96801-9984 
(808)  548-2235 
Calvin  Masaki/Tom  Arirumi 

Environmental  Planning 
OfTicc 

Department  of  Health 
P.O.  Box  3378 
Honolulu,  HI  96801 
(808)  548-6767 
Mary  Rose  Teves 
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Idaho 

Admlnstrative  Procedure 
Section 

Department  of  Health  it 
Welfare 

450  West  Sutc  Street 
3rd  Floor 
Boiae,  ED  83720 
(208)  334-5559 
Lil  Hesmitb 

niinnii 

Divttion  of  Environmental 
Health 

525  West  Jefferson 
SpringOeld,  IL  62761 
(217)  782-5830 
Blaine  Palm/Davc  Antonazzi 

Dlinois  Environmental 
Protection  Agency 
2200  Churchill  Road 
Springfield.  IL  62706 
(217)  782-1654 
Bob  Mosher 

Environmental  Protection 
Agenq- 

Division  of  Public 
Water  Supply 
2200  Churchill  Road 
Springfield,  IL  62706 
(217)  782-1724 
Roger  Sciberg 

Indiana 

State  Board  of  Health 
Drinking  Water  Section 
1330  West  Michigan  Street 
P.O.  Box  1964 
Indianapolis,  IN  46206-1964 
(317)  633-8400 


loiliAea 

Department  of  Environmental 
Management 
Water  Quality  Section 
105  South  Meridian  Street 
Indianapolis,  IN  46204 
(317)  243-5116 
Neal  Pai  ke 

Department  of  En\  jonmental 
Marugement 

Public  Water  Supply  Section 
105  South  Meridian  Street 
Indianapolis,  IN  46204 
(317)  243-5068 
Rick  Miranda 

Ifiwi 

Department  of  Natural 
Resources 
Wallace  State  Bldg. 

900  East  Grande  Ave. 

Dcs  Moines,  lA  50319 
(515)  281-8869 
Derril  McAllister 

Kansas 

Department  of  Health  & 
Environment 
Nonpoint  Source  Section 
Bureau  of  Environmental 
Quality 

Forbesfield  Bldg.  740 
Topeka.  KS  66620 
(913)  862-9360/(913}  296-5565 
Don  Snethen 
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Kentucky 

Department  of  Environmental 
Protection 
Divuion  of  Water 
18  Reilly  Road 
Frankfort,  KY  40601 
(502)  564-3410 
Rob^  Ware 

Department  of  Health 
Services 

Drinking  Water  Section 
18  Reilly  Road 
Frankfort,  KY  40601 
(502)  564-3410 
John  Sfflitber 

Department  of  En<iroomental 
Quality 

Office  of  Water  Resources 

9th  Floor 

P.O.  Box  44091 

Baton  Rouge.  LA  70804-4091 

(504)  342-6363 

Dugan  Sabins 

l42UUi£IiJ 

Depsi^.ment  of  Health  A 
Hospitals 

Office  of  Public  Health 
P.O.  3ox  60630 
Room  403 

New  Orleans.  LA  70160 
(504)  568-5100 
Jay  Ray 
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Maine 

Department  of  Environmental 
Protection 

State  House  Station  17 
Augusta,  ME  04333 
(20^  289-7841 
Lou^  Berube 

Division  of  Health 
Engineering 
State  House  Station  10 
Augusta,  ME  04333 
(20^  289-3826/(207)  289-5685 
Carlton  Gardner 

Department  cf  Human  Services 
Bureau  of  Health 
157  Capitol  Street 
State  House  Station  11 
Augusta,  ME  04333 
(207)  289-5378 
Robert  Frakes,  State 
Toxicologist 

Maryl8n<l 

Department  of  the 
Environment 
Water  Management 
Administration 
2500  Broening  Hwy. 

Baltimore,  MD  21224 
(301)  631-3603 
Mary  Jo  Garries 

Department  of  the 

Einironment 

2500  Broening  Hwy. 

Baltimore,  MD  21224 
(301)  631-3702 
Zora  Isaei 
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Massachuscm 


Department  of  Enviroainental 
Protet^n  Diviiion  of 
Water  PoUutioo  Control 
1  Winter  Street 
Boaton,  MA  02108 
(617)  292-5655 
Judy  Peny 

Water  Quality  Criteria 
Technical  Services  Branch 
Westview  Bldg. 

Lyman  School 
Westborough,  MA  01581 
(508)  366-9181 
Wanen  Kimball 

Department  of  Environmental 
Protection 
Westview  Bldg. 

Lyman  School 
Westborough,  MA  01581 
(617)  292-5770 

Michigan 

l>5partment  of  Natural 
Resources 
Permit  Section 
Mason  Bldg. 

8th  Floor 
P.O.  Box  30028 
Unsing.  MI  489C9 
(517)  373-1982 
Gary  Boersen 

Department  of  Public 
Health 

Division  of  Water  Supply 
3500  North  Logan 
P.O.  Box  30035 
Unsing,  MI  48909 
(517)  335-9216 
John  Blocmker 


PoUution  Control  Agency 
Water  Quality  Division 
520  Lafayette  Road 
SLPaul,  MN  55155 
(612)  296-7255 
David  Maschwitz 

Bureau  of  Health  Protection 
Environmental  Health  Division 
Health  Risk  Assessment 
717  Delaware  Street  SE 
Minneapolis,  MN  55414 
(612)  623-5352/(612)  623-5325 
David  Gray/Urry  Gust 

Department  of  Environmental 
Quality 

Bureau  cf  Pollution 
Control 

P.O.  Box  10385 
JacScson,  MS  39289-0385 
(601)  961-5171 
Ran^  Reed/Robert  Seysarth 

Department  of  Health 
Division  of  Water  Supply 
P.O.  Box  1700 
Jackson,  MS  39215-1700 
(601)  960-7518 
Ulon  May 

Misssim 

Department  of  Natural 
Resources 
Water  Pollution 
Cont’ol  Program 
Water  Quality  Section 
P.O.  Box  176 

Jefferson  City,  MO  65102 
(314)  751-5626 
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MkSgyri  Nevada 


Department  of  Natural 
Reiources 
Public  Drinking 
Water  Program 
P.O.  Box  176 
Jcffcnoa  Gty,  MO  65102 
(314)  751-5331 
Williw  Price 

Montana 

Department  of  HeaUh  A 
Environmental  Sciences 
Water  Quality  Bureau 
Cogswell  Bldg. 

Room  A206 
Helena,  MT  59620 
(406)  444-2406 

Nebraska 

State  Department  of 
Health 

Drinking  Water  Section 
301  Centennial  Mall  South 
P.O.  Box  95007 
Lincoln,  NE  68509 
(402)  471-2541 

State  Department  of 
Health 

Water  Quality  Section 
301  Centennial  Mall  South 
P.O.  Box  95007 
Lincoln.  NE  68509 
(402)  471-2186 


Department  of  Conservation 
A  Natural  Resources 
Water  Pollution  Section 
201  South  Fall  Street 
Canon  Gty,  NV  89710 
(702)  885-4670 
Shannon  Bell 

Department  of  Human 
Re^urcet  Division  of 
Health 

505  East  King  Street 
Room  103 

Canon  Gty,  NV  89710 
(702)  885-47<0 
Larry  Roundtree 

New  Hampshire 

Department  of  Environmental 
Services  Supply  A  Pollution 
Control  Division 
P.O.  Box  95 
Hazen  Drive 
Concord,  NH  03301 
(603)  271-3503 
Bob  Baezynsky 

Department  of  Public 
Health  Services 
Division  of 

Public  Health  Drinking  Water 
6  Hazen  Drive 
Concord,  NH  03301 
(603)  271-2951 
Richard  Vane 
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New  Jersey 


Department  of  Environmental 
Protection 

Di^ion  of  Water  Resources 
i-029 

East  State  Street 
^nton,  NJ  06625 
?)  633-7020 
si  J.  Van  Abs 

partment  of  Environmental 
Ptotection 
Dijmion  of  Water 
Resources 

401  East  State  Street 
Trtnton,  NJ  08625-CN#029 
(6(^)  292-5550 
Barker  Hamil/G.  Butt 

New  Mexico 


Department  of  Environmental 
Conservation 
Bureau  of  Water  Quality 
Management 
Room  201 
50  Wolf  Road 
Albany,  NY  12233-3508 
(518)  457-3656 
John  2Lambrano,  P.E. 

Department  of  Health 
Bureau  of  Public  Water 
Supply  Protection 
Dnnidng  Water  Section 
2  University  Place 
Western  Ave. 

Albany,  NY  12203 
(518)  458-6731 
Ronald  Entringer 


Environmental  Improvement 
Division  Surface  Water  Quality 


Bureau 

11^  St.  Francis  Drive 
Satita  fe.  NM  87503 
(505)  827-2822/(505)  827-2814 
D^ivid  F.  Taguc/Steve  Pierce 


Eflvironrnental  Improvement 
Division  Ground  Water 
Section 

1 190  St.  Francis  Drive 
sLta  Fe.  N7.I  87503 
(505)  827-2900 
Ernest  C  Rebuck 


North  Carolina 

NRCD-DEM 
Water  Quality  Section 
P.O.  Box  27687 
Raleigh,  NC  27611 
(919)  733-5083 
Gregory  Thorpe 

Department  of  Environmental 
Health  &  Natural  Resources 
Division  of  Environmental 
Health  A  Public  Water  Supply 
P.O.  Box  2091 
Raleigh.  NC  27602-2091 
(919)  733-2321 
Jerry  Parkings 
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North  Dakota 

Department  of  Health  &. 
Consolidated  Laboratories 
Division  of  Water  Supply 
1200  Missouri  Ave. 

P.O.  Box  5520 
Bismarck,  ND  58502-5520 
(701)  224-2354 

Ohio 

Environmental  Protection 
Agency 

Division  of  Public 
Drinking  Water 
1800  Water  Mark  Drive 
P.O.  Box  1048 
Columbus,  Ohio  43266 
(614)  644-2752/(614)  644-2115 
Kurt  Ridenour/Mary  Cavin 

Environmental  Protection 
Agency  Division  of  Water 
Quality  Monitoring  & 
Assessment 

1800  Water  Mark  Drive 
P.O.  Box  1048 
Columbus,  Ohio  43266 
(614)  644-2856 

Oklahoma 

State  Department  of  Health 
Environmental  Health  Services 
Research  &.  Standards  Section 
1000  North  East  10th  Street 
P.O.  Box  53551 
Oklahoma  City,  OK  73152 
(405)  271-7352 
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Oregon 

State  Division  of  Health 
Department  of  Human 
Resources 

Drinking  Water  Division 
P.O.  Box  231 
Portland,  OR  97207 
(503)  229-5784 

Public  Water  Supply 
Department  of  ^vironmental 
Quality 

811  Southwest  6th  Ave. 

Portland,  OR  97204 
(503)  229-5279 
Ed  Ouan 

Pennsylvania 

Department  of  Environmental 
Resources 
Bureau  of  Water 
Quality  Management 
Fulton  Bldg. 

P.O.  Box  2063 
Harrisburg,  PA  17120 
(717)  787-9637 
Dennis  Lee 

Department  of  Environmental 
Resources 
P.O.  Box  2357 
Executive  House 
2nd  A  Chesnut  Street 
CEC  Division  of  Water 
Supplies 

Harrisburg,  PvV  17120 
(717)  783-3795 
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Rhode  Island  Tennesiee 


Department  of  Health 
Division  of  Drinking 
Water  Quality 
Room  209 

Providence,  RI  02908-5097 
(401)  277-6867/(401)  277-3961 
June  Swallow 

Rhode  Island 

State  of  Providence 
Plantations 

Department  of  Health 
Cannon  Bldg. 

3  Capitol  Hill 

Providence,  RI  02908-5097 
(401)  277-6867 

South  Carolina 

Depa.iment  of  Health  & 
Environmental  Control 
Bureau  of  Water  Pollution 
Control 

2600  Bull  Street 
Columbia,  SC  29201 
(803)  734-5227 

Department  of  Health  & 
Environmental  Control 
Bureau  of  Water  Supply 
Drinking  Water  Section 
2600  Bull  Street 
Columbia,  SC  29201 
(803)  734-5310 

South  Dakota 

Department  of  Water  & 
Natural  Resources 
Water  Qual-ty 
523  East  Capitol 
Room  217 

Pierre,  SD  57501-3181 
(605)  773-3351 


Department  of  Health  & 
Environment 
Bureau  of  Environmental 
Health  Services 
150  9th  Ave.  North 
Nashville,  TN  37219-5404 
(615)  741-7883 
Phil  Simmons 

Department  of  Public  Health 
Bureau  of  Environmental 
Health  Services  Division 
of  Water  Quality  Control 
150  9th  Ave.  North 
Nashville,  TN  37219-5404 
(615)  741.3111 

Texas  Water  Commission 
Water  Quality  Division 
Capitol  Station 
P.O.  Box  13087 
Austin,  TX  78711-3087 
(512)  463-8475 
Jim  Davenport 

Department  of  Health 
Division  of  Water 
Hygiene 

1100  West  49th  Street 
Austin,  TX  78756-3199 
(512)  458-7497/(615)  458-7271 
Jack  Shultz 
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Utah 

Division  of  Environmental 
Health 

Bureau  of  Water 
Pollution  Control 
288  North 
1460  West 

Salt  Lake  Q'ty,  UT  84116^90 
(801)  538-6146 

iVUKC  nCaXiLluini^l/i\wou 

Obemdorfer 

Division  of  Environmental 
Health 

Bureau  of  Public 
Water  Supply 
288  North 
1460  West 

Salt  Lake  City,  UT  84116-0690 
(801)  538-6840 
Dan  Blake 

Vermont 

Department  of  Water 
Resources 
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Department  of  Health 
Dn^too  of  Water  Supply 
Engineering 
109  Governor  Street 
Room  924 

Richmond,  VA  23219 
(804)  786-5566 
Evans  Massie 

Water  Control  Board 
Office  of  Environmental 
Research  &  Standards 
2111  North  Hamilton  Street 
Richmond,  VA  23230 
(804)  367-6699/(804)  367-0384 
Mary  Reid/Richard  Ayres 

Washington 

Environmental  Health  *.ogram 

MS  LD-11 

Olympia,  WA  98504 

(206)  753-5953 

Bill  Liethy/Peggy  Johnson 


Natural  Resources 
Agency 

Water  Quality  Section 
103  South  Main  Street 
Watcrbury,  VT  05676 
(802)  244-5638 

Department  of  H  ;alth 
Division  of  Environmental 
Health  Drinking  Water 
Office 

60  Main  Street 
P.O.  Box  70 
Burlington,  VT  05402 
(802)  863-7225 


Department  of  Ecology 
Water  Quality  Program 
MS  PV-ll 

Olympia,  WA  98504 
(206)  438-7085 
Ed  Rasch 
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West  Virginia  Wisconsin 


Department  of  Health 
Environmental  Engineering 
Division 

1900  Kanawha  Bivd  East 
Bldg.  3,  Room  554 
Charleston,  WV  25305 
(304)  348-2981 
Donald  Cuntz/Bob  Paul 

Water  Resources  Board 
1260  Greenbhar  Street 
Charleston,  WV  25311 
(304)  348-4002 
Jan  Taylor 

Wisconsin 

Department  of  Natural 
Resources 
Bureau  of  Water 
Resources  Management 
Ground  Water  Standards 
P.O.  Box  7921 
Madison,  WI  53707 
(608)  266-9265 
David  Lindorff 


Department  of  Natural 
Resources 
Bureau  of  Water 
Resources  Management 
Surface  Water  Standards 
P.O.  Box  7921 
Madison,  WI  53707 
(606)  266-0156 
Duane  Scuuettpelz/John 
Sullivan 

Department  of  Natural 
Resources 

Bureau  of  Water  Supply 
P.O.  Box  7921 
Madison,  WI  53707 
(608)  267-7651/(608)266-2299 
Robert  Krill/Robert  Banminster 

WypjTLiDg 

Department  of  Environmental 
Quality 

Water  Quality  Division 
Herschler  Bldg. 

4th  Floor  West 
122  West  25th  Street 
Cheyenne,  WY  82002 
(307)  777-7087 
Robert  Stites 
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INDEX  1 

CUMULATIVE  CROSS  INDEX  OF  CHEMICAL,  COMMON  AND  TRIVIAL  NAMES 

The  order  of  chemical,  common  and  trivial  names  included  ic:  this  index  is  strictly 
alphabetical;  numerical  and  alphabetical  prefixes  signifying  positions  in  a  chemical  name 
or  stereochemistry  have  oeen  ignored 

Acetone 
See  Chapter  40. 

Acetylene  tetrachloride 
See  1,1,2,2-TetrachIoroethane,  Chapter  11. 

Acetylene  trichloride 
See  Trichloroethylene,  Chapter  16. 

Agrotect 

See  2,4-D,  Chapter  60. 

Aroclor® 

See  Chapter  52. 

Automotive  gasoline 
See  Chapter  65. 

BBP 

See  Butyl  benzyl  phthalate,  Chapter  46. 

Benzene 
See  Chapter  18. 

Benzene  chloride 
See  Chlorobenzene,  Chapter  24. 

1.2- Beiizenedicarboxylic  acid,  bis  (2-ethylhexyl)  ester 
See  Di(2-ethylhexyl)phthalate,  Chapter  31. 

1.2- Benzenedicarboxyb’c  acid,  butyl  phenylmethyl  ester 
See  Butyl  benzyl  phthalate.  Chapter  46. 

1.2- Benzenedicarboxylic  acid,  dibutyl  ester 
See  Di-n-butyl  phthalate,  Chapter  30. 

o-Benzenedicarboxy!ic  acid,  diethyl  ester 
See  Diethyl  phthalate.  Chapter  29. 
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l^-Beozenedicarboxylic  acid,  diethyl  ester 
See  Diethyl  phthalate,  Chapter  29. 

Beiuenol 

See  Phenol,  Chapter  36. 

Benzin 

See  Automotive  gasoline.  Chapter  65. 

Benzol 

See  Benzene,  Chapter  18. 

Benzole 

See  Benzene,  Chapter  18. 

Benzyl  butyl  phthalate 
See  Butyl  benzyl  phthalate.  Chapter  46. 

Bis(2-chloroethyl)ether 
S«  Chapter  33. 

3is(2-ethylhexyl)phthalate 

Di(2-ethylhexyl)phthalate,  Chapter  31. 

Bromochloromethane 
See  Chapter  44. 

Bunker  C  oil 

See  Fuel  oils.  Chapter  66. 

Butanedioic  acid,[(dimethoxyphosphinothioyl)-thio]-,  diethyl  ester 
See  Malathion,  Chapter  50. 

2-Butanone 

See  Methyl  ethyl  ketone.  Chapter  41. 

Butyl  benzyl  phthalate 
See  Chapter  46. 

Butyl  phthalate 

Sm  Di-n-butyl  phthalate.  Chapter  30. 


Carbolic  acid 
See  Phenol,  Chapter  36. 
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Carbon  chloride 

See  Carbon  tetrachloride.  Chapter  6. 
Carbon  dichloride 

See  Tetrachlcroethylene,  Chapter  17. 
Carbon  oil 

See  Benzene,  Chapter  18. 

Carbon  tetrachloride 
See  Chapter  6. 

Carbophoa 

See  Maiathion,  Ch*p»er  iO. 

CBM 

See  Bronwchloromcthane,  Chapter  44. 
CDBM 

See  dibromocldnromethane,  Chapter  3. 

Chlordane 
See  Chapter  48. 

Chlorinated  hydnxhloric  ether 
See  l,l-Dichk>rncthare,  Chapter  8. 

Chlorobenzene 
See  Chapter  24. 

ChlorobenznI 

See  ChJorcbenzcne.  Chap.er  24. 

Chlorobromome  t  ha  ne 
See  Bromcchloromcthani;.  Chapter  44. 

Chlorodibrcmcmcihane 
See  Dibrormxhloromcthane,  Cnapter  3. 

Chlorodiphenyl  (41%  G) 

See  Arocbr  9  1016.  Chapter  52. 

Chlorodiphenyl  (42%  G) 

See  Aroclor®  1242,  Chapter  32. 


Chlorodiphenyl  (54%  G) 

Sec  Artxlor®  1254,  Chapter  52. 


M 


Chlorodiphenyl  (60%  G) 

See  Aroclor9  1260,  Qiapter  52. 

Qiloroetbane 
See  Chapter  /. 

Chloroetbcne 

See  Vinyl  chloride,  Chapter  13. 
Chloroethylenc 

See  Vinyl  chloride.  Chapter  13. 
2-Chloroethyl  ether 

See  Bi»(2<hlor(ythyl)ethcr,  Chapter  33, 

Chloroform 
See  Chapter  4 

2-Chloro- 1  -hydroxybcruene 
See  o-ChlorophenoI,  Chapter  37. 

Chloromcthyl  bromide 
See  Bromocnioromethane.  Chapter  44. 

Chlofophen 

See  Pehtachlorophcnol.  Chapter  39. 

o-Chlorophcnol 
See  Chapter  37. 

2-Chlorophcnol 

See  o-Chlorophcnol,  Chapter  37. 

p-Chlorophenyl  chloride 
See  l,4-Dichk)rr>hcn/ene,  Chapter  27. 

Chiorothenc 

See  1,!,1  Trichlorocthane,  Chapter  10. 

Chromate  of  soda 
See  Sodium  chromate.  Chapter  33. 
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Chromic  acid,  disodium  salt 
.Sec  .Sk'xlium  chromate,  C'haptcr  53. 
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Clophen  A60 

See  Aitxior®  1260,  Chapter  51 

Coal  naphtha 
See  Benzene,  Chapter  18. 

Coal  oil 

See  Fuel  oQa,  Chapter  66. 

Cf-71 

See  Chlorobenzene,  Chapter  24. 

Cyanide 

See  Chapter  56. 

Cyanide  anion 
See  Cyanide,  Chapter  56. 

Cyanide  ion 

See  Cyanide,  Chapter  56. 

Cyclohexane,  1 .13,4,5,6-hexachloro-.gamma  isomer 
See  Lindane,  Chapter  47. 

14-D 

See  Chapter  60. 

DBF 

See  Di-n-bwryl  phthalaie.  Chapter  30. 

DCB 

See  1,2-Dichbrobcnzcne.  Chapter  25. 

1.1-DCE 

See  1,1-DichIoroethyIene,  Chapter  14. 

DCEE 

See  Bis(2-chloroethyl)cthcr.  Chapter  33. 

DCM 

See  Methylene  chloride,  Chapter  1. 

DDD 

Sec  Chapter  58. 

DDE 

See  Chapter  59. 


DDT 

See  CLapter  57. 

DEHP 

See  Di(2-cthylhexyi)phthalate,  Chapter  31. 
DEP 

See  Diethyl  pbthalate,  Chapter  29. 
Diamide 

See  Hydrazine,  Chapter  55. 

Diamine 

See  Hydrazine,  Chapter  55. 

Diazide 

See  Chapter  51. 

Diazinonit 
See  Chapter  51. 

Dibromochloromethanc 
See  Chapter  3. 

1,2-Dibromocihanc 
See  Ethylene  dibromide,  Chapter  45. 

Dibromomcthanc 
Sec  Chapter  2. 

Dibromomonochloromcthane 
See  Dibromochloromethanc.  Chapter  3. 

DibutyI-),2-bcnzcne  dicarbo^latc 
See  Di-n-butyl  phthalatc,  Chapter  30. 

Dibutyl  phthalatc 

See  Di-n-butyl  phthalatc,  Chapter  30. 

m-Dichlorob:nzenc 
Sec  13-Dichlorobenzcne,  Chapter  26. 

o-  Die  hlorobc  nze  ne 

See  1,2-Dichlorobcnzene.  Chapter  25. 
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p-DichJorubenzene 

See  l,4-Dichk)roben2cne,  Chapter  27. 

l^'Dkhlorobenzene 
See  Chapter  25. 

1 3*Dtch]oroben2eDe 
See  Chapter  26. 

1 ,4-Dtchk>robeazeoe 
See  Chapter  27. 

m-DichJorobenzol 

See  l^-Dichlorobcnzcne,  Chapter  26. 
o-Dichlorobenzot 

See  1.2- Dichlorobenzene,  Chapter  25. 
p-Dichlorobenzol 

See  l,4-Dichlorobea2ene,  Chapter  27. 

Dkhlorochlordene 
See  Chlordane,  Chapter  48. 

DichIoro-Z2-dichlorocthane 
See  1,1,2.2-TetrachIoroethanc,  Cliapter  11. 

Dichlorodiphenyidichlorocthanc 
See  DDD,  Chapter  58. 

Dichlorodiphenyidichlorocthylene 
Sec  DDE  Cliapter  59 

1.1- Dichlorocthapc 
See  Cliapter  8. 

1.2- DjchIorocthane 
See  Chapter  9. 

cis-l,2-Dichlorocthene 
See  cis-l,2-Dichloroethylcne,  Chapter  15. 

trans-1 .2-Dichi  Droethene 
See  trans-1, 2-DichiorocthyIcne,  Chapter  15. 

1.2- DichIoro-(E)-ethenc 

See  trans-1, 2-Dichlofocthyicne,  Chapter  15. 
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1.1- Dichk)roetbene 

See  1,1-Dichloroethylene,  Chapter  14. 

1 , 1  ’-(DkhloroethenyIideDc)ba(4-chlorobenzene) 
See  DDE,  Chapter  39. 

Dkhloroetber 

See  Dis(2-ch]oroethyI)etber,  Chapter  33. 

1 . 1 - Dichlorocthylenc 
See  Chapter  14. 

CIS- 1 ,2-Dichloroethylene 
See  Chapter  15. 

trans- 1 ,2-Dichloroethylene 
See  Chapter  15. 

EHchloroethyl  ether 

See  Bis(2-chloroethyl)ether,  Chapter  33. 

lym-Dichiorocthyl  ether 
See  Bis(2-chloroethyl)cther,  Chapter  33. 

1 , 1  ’-(2,2-Dichloroclhylidene)bis(4-chlorobcnzene) 
See  DDD,  Chapter  58. 

Dichloromethane 

See  Methylene  chloride,  Chapter  1. 

Dichloromethylmethane 
Sec  1,1-Dichloroethane,  Chapter  8. 

2,6-Dirhlorophenol 
See  Chapter  38. 

2,4-Dichlorophe.ioxyacctic  acid 
See  2,4-D,  Chapter  60. 

alpha,  bcta-Dichloropropane 
See  1,2-Dichloropropanc,  Chapter  12. 
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1,2-Dichioropropane 
See  Chapter  12. 
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1 ,2-Dichloro-(Z)-cthcne 
See  cis-l^-Dichioroethylene,  Chapter  15. 

Dicotox 

See  2,4-D,  Chapter  60. 

Diesel  oQ 

See  Fuel  oils,  Chapter  66. 

Diesel  oil  (light) 

See  Fuel  oils,  Chapter  66. 

Diesel  oil  (medium) 

See  Fuel  oils,  Chapter  66. 

Diethyl  phthalate 
See  Chapter  29. 

Diethyi-o-phthalate 
See  Diethyl  phthalate,  Chapter  29. 

Diniethylbcnzene 
See  Xylene,  Chapter  21. 

Dimethyl  ketone 
See  Acetone,  Chapter  40. 

Dimethyinitrosamine 

See  N-Nitrosodimethylamine,  Chrptcr  34. 

2,4-DimcthylphenoI 
See  Chapter  22. 

4.6- Dimethylphenol 

See  2,4-Dimethylphenol,  Chapter  22. 

Dimpylate  < 

See  Diazinon®,  Chapter  51. 

Di-n-butyl  phthalate 
See  Chapter  30. 

2.6- Dinitrotoluene 
See  Chapter  23. 

Dioxin 

See  2,3,7,8-Tetrachlorodibcnzo-p-dioxin,  Chapter  63. 
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Diphenylnititxaiune 

See  N-Nitro6odiphenylamiss,  Chapater  35. 

Diphenyl  N-nitrosoamine 
See  N-Nitrt»odiphenyIa^aL^c,  Chapter  35. 

Di-iec-octy]  phthalate 
See  Di(2-ethylhexyl)phthala2e,  Chapter  31. 

Disodium  chromate 
See  Sodium  chromate,  Chapter  53. 

DMN 

Sec  N-Nilrosodimethylamine,  Chapter  34. 
DMNA 

See  N-Nitrosodimcthylamine,  Chapter  34. 
2,6-DNT 

See  2,6-Dinitrotoluene,  Chapter  23. 

Dry  cleaning  safety  solvent 
S«ee  Stoddard  solvent,  Chapter  67." 

EB 

See  Ethyl  benzene,  Chapter  20. 

EDB 

See  Ethylene  Dibromide,  Chapter  45. 

EDC 

See  1,2-DichIoroethane,  Chapter  9. 

EG 

See  Ethylene  glycol,  Chapter  43. 

EGME 

See  Methyl  Cellosolve*,  Chapter  42. 

Ethane  dichloride 
See  1,2-Dichlorocthane,  Chapter  9. 


1,2-EthanedioI 

See  Ethylene  glycol,  Chapter  43. 
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Ethinyl  trichloride 
See  Trichloroethylene,  Chapter  16. 

Ethyl  benzene 
See  Chapter  20. 

Ethyl  benzol 

Sm  Ethyl  benzene,  Chapter  2C. 

Ethyl  chloride 

Sm  Chloroethane,  Giapter  7. 

Ethylene  chloride 

See  l,2-Djch!oroethane,  Chapter  9. 

Ethylene  dibromtde 
See  Chapter  45. 

Ethylene  dichloride 
See  1,2-Dichloroethane,  Chapter  9. 

Ethylene  glycol 
Sm  Chapter  43. 

Ethylene  glycol  methyl  ether 
S«  Methyl  Cellosolve  ®,  Chapter  42. 

Ethylene  glycol  monomethyl  ether 
See  Methyl  Cellosolve  *,  Chapter  4Z 

Ethylene  tetrachloride 
S«  Tetrachlorocthylene,  Chapter  17. 

Ethylene  trichloride 
S«  Trichloroethylene,  Chapter  16. 

2'Ethylhe:ryl  phthalate 
See  Di(2  ethylhcryi)phthalatc,  Chapter  31. 

Ethylidene  chloride 
See  1,1-Dichlorocthanc,  Chapter  8. 

Ethylidene  dichloride 
S^  1,1-Dichlorocthane,  Chapter  8. 

Ethyl  methyl  ketone 
S«  Methyl  ethyl  ketone.  Chapter  41. 
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Ethyl  phthalate 

Sm  Diethyl  phthalate,  Chapter  29. 

Fll 

See  Trichlorofluoromethane,  Chapter  5. 
Fenoprop 

See  2,44-TP,  Chapter  62. 

Euorocarbon  11 

See  Trichlorofluoromethane,  Chapter 
Fluorocarbon  1011 

See  Bromochloromethane,  Chapter  44. 
Fluorochloroform 

Sec  Trichlorofluoromethane,  Chapter  5. 

Fluorotrichloronethane 
See  Trichlorofluoromethane,  Chapter  5. 

Formyl  trichloride 
See  Chloroform,  Chapter  4. 

Forron 

See  2,4,5-T,  Chapter  61. 

Freon  11 

See  Trichlorofluoromethane,  Chapter  5. 

Fuel  oils 
See  Chapter  66. 

Gamma-benzene  hexachloride 
See  Lindane,  Chapter  47. 

Gamma-BHC 
See  Lindane,  Chapter  47. 

Gamma-KCH 
See  Lindane,  Chapter  47. 

Glycol  alcohol 
See  Ethylene  glycol  43. 
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Glycol  dibromide 

^  Ethylene  dibromide,  Chapter  45. 
Glycol  dichloride 

Sec  1,2-Dichloroethane,  Chapter  9. 

Home  heating  oil 
See  Fuel  oils,  Chapter  66. 

Hydraulic  fluid 
See  Chapter  68. 

Hydrazine 
See  Chapter  55. 

Hydrazine,  anhydrous 
See  Hydrazine,  Chapter  55. 

Hydrazine  base 
See  Hydrazine,  Chapter  55. 

Hydrochloric  ether 
See  Chloroethane,  Chapter  7. 

Hydrocyanic  acid,  ion 
See  Cyanide,  Chapter  56. 

Hydroxybenzene 
See  Phenol,  Chapter  36. 

2-Hydroxychlorobenzene 
See  o-OilorophenoI,  Chapter  37 

l-Hydroxy-2,4-dimethyI  benzene 
See  2,4-DimethylphenoI,  Chapter  22 

Jet  fuel  4 

See  JP-4,  Chapter  64. 

JP-1 

See  Fuel  oils.  Chapter  66. 

JP-4 

See  Chapter  64. 
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Keroficne 

See  Fuel  oils.  Chapter  66. 

Levoxine 

See  Hydrazine,  Chapter  55. 

Lindane 
See  Chapter  47. 

Malathion 
See  Chapter  50. 

MCB 

See  13-Dichloroben2ene,  Chapter  26. 
MEK 

See  Methyl  ethyl  ketone,  Chapter  41. 

Methane  dichloride 
See  Methylene  chloride,  Chapter  1. 

Methane  tetrachloride 
See  Carbon  tetrachloride.  Chapter  6. 

Methane  trichloride 
See  Chloroform,  Chapter  4. 

2-Mcthoxyethanol 

See  Methyl  Cellosolve",  Chapter  42. 

Methyl  acetal 
See  Acetone,  Chapter  40. 

Methyl  acetone 

See  Methyl  ethyl  ketone.  Chapter  41. 

Methyl  benzene 
See  Toluene,  Chapter  19. 

Methyl  benzol 
See  Toluene,  Chapter  19 

Methyl  Cellosolve  ® 

See  Chapter  42 
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Methyl  chlorofonn 

See  l.l.l-Trichloroethane,  Chapter  10. 

2-Methyl-l^-diiiitrobeazene 
See  2,6-Dinitrotoluene,  Chapter  23. 

Methylene  bichloride 
See  Methylene  chloride,  Chapter  1. 

.  Methylene  bromide 

See  Dfbromomethane,  Chapter  2. 

Methylene  chloride 
See  Chapter  1. 

Methylene  chlorobromide 
See  Bromochloromethane,  Chapter  4*. 

Methylene  dibromide 
See  Dibromomethane,  Chapter  2. 

Methylene  dichloride 
See  Methylene  chloride,  Chapter  1. 

Methyl  ethyl  ketone 
See  Chapter  41. 

Methyl  glycol 

See  Methyl  Cclloscive  ®,  Chapter  42. 

Methyl  ketone 
See  Acetone,  Chapter  40. 

N-Methyl-n-nitrosomethanamine 
See  N-Nitrosodi:nethyIamine,  Chapter  34. 

Methyl  trichloride 
See  Chloroform,  Chapter  4. 

Mineral  base  crankcase  oil 
See  Chapter  69. 

Mineral  spirits 

See  Stoddard  solvent.  Chapter  67. 

Monochlorobenzene 
See  Chlorobenzene,  Chapter  24. 
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Moccpchlorcidibromomethane 
See  Dibromochloroinethane,  Chapter  3. 

MoDOchloroetbane 
See  Chiorocthane,  Chapter  7. 

Moth  balls 

See  Naphthalene,  Chapter  32. 

Motor  spirits 

See  Automotive  gasoline,  Chapter  65. 

Muriatic  ether 

See  Chloroethane,  Chapter  7. 

Naphthalene 
See  Chapter  32. 

Naphthene 

See  Naphthalene,  Chapter  32. 

Navy  special  fuel  oil 
See  Fuel  oils.  Chapter  66. 

NDPA 

See  N-Nitro6odiphenylamine,  Chapter  35. 

N-Nitrosodimethylamine 
See  Chapter  34. 

N-Nitrosodiphenylamine 
See  Chapter  35. 

N-Nitroso-n-phenylaniline 
See  N-Nitrosodiphenylamine,  Chapter  35. 

N-Nitroso-N-phenyl-benxcnamine 
See  N-Nitrosodiphenylamine,  Chapter  35. 

l,2,4,5,6,7,8,8-Octachloro-233a,4,7,7a-hexahydro-4,7- 
methano- 1  H-indene 
Sec  Chlordane,  Chapter  48. 

ODB 

See  1,2-Dic.hiorobenzene,  Chapter  25. 
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0,0-D  iethyI-0-(6-incthyl-2-(  1  -tnethycthyl)-4-pyTimidinyI) 
phocptorothioate 
See  i;>tazioonS,  Chapter  51. 

1,1  ’-0>  ybU(2-chloro)-ethane 
See  Bis(2'Chloroethyl)ether,  Chapter  33. 

Paradk  hlorobenzene 
See  ]  ,4-Dk:hlorobcn2cnc,  Chapter  27. 

PCB 

See  iLrocior®,  Chaptei-  51 


See  Tetrachloroethylene,  Chapter  17. 


See  ifentachlorophenol.  Chapter  39. 
PDB 

See  1,4-DichIorobcnzene,  Chapter  27 


Penchk^rol 

Set  F'entachlorophcnol,  Chapter  39 
Penta 

See  Pentachlorophenol.  Chapter  39 

Pentachlorophenatc 
See  ijentachlorophenol.  Chapter  39. 

Pentachlorophenol 
See  Chapter  39 


See  Ictrachloroethylcne,  Chapter  17. 
Perchldroethcnc 

See  Tetrachloroethylene,  Chapter  17. 
Perchloroethylcnc 

See  Tetrachloroethylene,  Chapter  17. 


PercMoiromcthane 

See  C|arbon  tetrachloride,  Chapter  6. 


Permanent  anti-freeze 
See  Ethylene  glycol,  Chapter  43 

Petrol 

See  Automotive  gasoline,  Chapter  65. 
Pbenic  acid 

See  Phenol,  Chapter  36. 

Pbenoclor  DP6 

See  Aroclor  •  1260,  Chapter  51 
Phenol 

See  Chapter  36. 

Phenox 

See  14-D,  Chapter  60. 

Phenyl  chloride 

See  Chlorobenzene,  Chapter  24. 

m-PhcnyIcne  diciiloridc 
See  13-Dichlorobenzene,  Chapter  26. 

Phenylethane 

Ste  Ethyl  benzene.  Chapter  20. 

Phenyl  hydride 
See  Benzene,  Chapter  18. 

Phenyl  hydroxide 
See  Phenol,  Chapter  36. 

Phcnylic  acid 
See  Phenol,  Chapter  36. 

Phcnyincthanc 
See  Toluene,  Chapter  19. 

Phosphoric  acid,  tris  (2 -mcthylphenyl)  ester 
See  Tri-o-crcayl  phosphate.  Chapter  49. 

Phtbalic  acid,  butyl  benzyl  ester 
See  Butyl  benzyl  phthalatc,  Chapter  46. 
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Fhthalic  acid,  dibutyi  ester 
See  Di-o-butyl  phthalate.  Chapter  30. 

Fhtbaljc  acid,  diethyl  ester 
See  Diethyl  phthalate,  Chapter  29. 

Phtbalic  acid,  dioctyl  ester 
See  Di(2-ethylhexy])phthalate,  Chapter  31. 

2-Propanone 

See  Acetone,  Chapter  40. 

Propellant  11 

See  Trichlorofluoromcthane,  Chapter  5. 
Propylene  chloride 

See  1,2-Dichloropropane,  Chapter  12. 

Propj'lene  dichloride 
See  1,2-Dichloropropanc,  Chapter  12. 

Pyroacetic  acid 
See  Acetone,  Chapter  40. 

Pyroacetic  ether 
See  Acetone.  Chapter  40, 

Pyrobenzol 

See  Benzene,  Chapter  18. 

Rll 

See  Trichlorofluoromcthane,  Chapter  5. 
Range  oil 

See  Fuel  oils,  Chapter  66. 

RCRA  Waste  Number  U068 
See  Dibromomethane,  Chapter  2. 

RCRA  Waste  Number  U0R2 
See  Z6-Dichlorophcnol.  Chapter  38. 

Refrigerant  11 

See  Trichlorofluoromcthane,  Chapter  5. 
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Residual  fuel  oil  No.  2 
Sec  Fuel  oils.  Chapter  66. 

Residual  fuel  oil  No.  4 
See  Fuel  oils,  Chapter  66. 

Residual  fuel  oil  No.  5 
See  Fuel  oils.  Chapter  66. 

Residual  fuel  oil  No.  6 

Fuel  oils,  Chapter  66. 

Silvex 

See  2,4,5-TP.  Chapter  62. 

Sodium  chromate 
See  Chapter  53. 

Soh-^nt  naphtha 

See  Stoddard  solvent,  Chapter  67, 

Stoddard  solvent 
See  Chapter  67. 

Synthetic  crankcase  oil 
See  Chapter  70. 

2.4.5-T 

See  Chapter  61. 

Tar  camphor 

See  Naphthalene,  Chapter  32. 

TCB 

See  1.2.4-Trichlorobcn2cne,  Chapter  28. 
23.7.8-TCDD 

See  2,3,7,8-Tetrachlorodiberizo-p-<iicxin,  Chapter  63. 

TCE 

See  Trichloroethylene,  Chapter  16. 

TDE 

Sec  DDD.  Chapter  58. 
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TEL 

See  Tetraethyl  lead.  Chapter  5-'.. 
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Tetrachlorocarbon 

See  Carbon  tetrachloride,  Chapter  6. 

23,73*Tetrachk)rodibenzo(b,e)(  1 ,4)dioxu) 

See  24,73'^U'schloroditen2o-p-dioxin,  Chapter  63. 

23,73-TetrachJorodibenzo-p-dtoxin 
See  Chapter  63. 

Tetrachlorodiphenylethane 
See  DDD  Chapter  58. 

Tetrachloroethane 

See  1,1,2,2-Tetrachlorocthane,  Chapter  11. 

1 , 1 ,2,2,-Tetrachloroethane 
See  Chapter  11. 

lym-Tetrachloroethane 
See  1,1,2,2-Tetrachlorocihanc,  Chapter  11. 

Tetrachloroethene 

See  Tetrachloroethylene,  Chapter  17. 

Tctrachloroethylene 
See  Chapter  17. 

Tetrachloromethane 
See  Carbon  tetrachloride.  Chapter  6. 

Tetraethyl  lead 
See  Chapter  54. 

Tetraethyl  pli’mbanc 
See  Tetraethyl  lead,  Chapter  54. 

TOCP 

See  Tri-o-cresyl  phosphate.  Chapter  49. 

Toluene 
See  Chapter  19. 

Toluol 

See  Toluene,  Chapter  19. 


TOTP 

See  Tri-o-cresyl  phosphate.  Chapter  49. 
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2,44-TP 
See  Chapter  62. 
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Tri 

See  Trichloroethylene,  Chapter  16. 

1.2.4- Trkhlorobenzene 
See  Chapter  28. 

uosym-Trichlorobeazene 
Sm  1,2,4-Tnchlok'obenzene,  Chapter  28. 

1.2.4- Trichloroben2ol 

See  lA^-Trichlorobenzene,  Chapter  28. 

1 , 1 , 1  -T  richbro-2,2-bis(  p-chlorophcnyl)e  thane 
See  DDT,  Chapter  57. 

Trichloroethane 

See  1,1,1-Trichloroethane,  Chapter  10. 

alpha-Trichloroethane 
See  1,1,1-Trkhloroethane,  Chapter  10. 

1.1.1- Trichlorocthane 
See  Chapter  10. 

Trichloroethene 

See  Trichloroethylene,  Chapter  16. 

Trichloroethylene 
See  Chapter  16. 

1.1- (2,2.2-Trichloroethylidenc)bi  (4-chIorobenzcne) 
Sw  DDT,  Chapter  57. 

Trichlorofluoromethane 
See  Chapter  5. 

Trichloromethane 
See  Chlorofonn,  Chapter  4. 

2,4,5-TrichIorophcnaxy  acetic  acid 
Sec  2,4, 5'T,  Cliapter  61. 

Alpha-(Z4.5-trichlorophenoxy)propanoic  acid 
See  2,4,5-TP,  Chapter  62. 


CUMU1ATIV2  INDEX 


1-23 


2-(2,4^-Trichlorophcn(wy)propanoic  acid 
See  2,4^-TP,  Chapter  6Z 

Tri-ocresyl  phosphate 
See  Chapter  49. 

Tri-o-tolyl  phosphate 
See  Tri-o-cresyl  phosphate,  Chapter  49. 

VC 

See  Vinyl  chloride.  Chapter  13. 

VCM 

See  Vinyl  chloride.  Chapter  13. 

VDC 

See  1,1-DichIorocthyIcne,  Chapter  14. 

Vinyl  chloride 
See  Chapter  13. 

Vinylidine  dichloride 
See  1,1-Dichloroethylene,  Chapter  14. 

White  spirits 

See  Stoddard  solvent.  Chapter  67. 

White  tar 

See  Naphthalene,  Chapter  32. 

Xylene 

See  Chapter  21. 
m-Xylenol 

See  2,4-DinicthyIphenol,  Chapter  22. 
2,4-XyIenol 

See  2,4-Diniethylphenol,  Chapter  22. 
Xylol 

See  Xylene,  Chapter  21. 
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INDEX  2 

MOLECULAR  FORMULA  INDEX 

The  arrangement  used  in  this  index  is  based  on  the  general  molecular  formula: 

C^  Element, 

where  the  order  of  elements  is  alphabetical.  Inorganics  precede  carbon-containing 
compounds.  Organics  lacking  hydrogen  are  listed  before  any  CH’s.  Compounds  without 
known  molecular  formulas  are  listed  at  the  end  of  the  index. 

CrO,-2Na 

Sodium  chromate.  See  Chapter  53. 


Hydrazine.  See  Chapter  55. 

ca>F 

Trichlorofluoromethane.  See  Chapter  5. 

CO, 

Caroon  tetrachloride.  See  Chapter  6. 
CN 

Cyanide.  See  Chapter  56. 

CHBrjO 

Dibromochloromethane.  See  Chapter  3. 


CHQ, 

Chloroform.  See  Chapter  4. 

CHjBrCI 

Bromochloromethane.  See  Chapter  44. 

CHjBrj 

Dibromomethane.  See  Chapter  2. 

CHjQj 

Methylene  chloride.  See  Chapter  1. 
Tetrachloroethyiene.  See  Chapter  17. 
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cyia, 

Trichloroethylene.  See  Chapter  16. 

QHA 

1.1- Dichloroethylene.  See  Qiapter  14. 
trans-l^-Dichloroethylene.  See  Chapter  15. 
1^-Dichloroethylene,  mixed  isomers.  See  Chapter  15. 
cis-l^-Dichloroethylene.  See  Chapter  15. 

QH:C1, 

l,1.2^*Tetrach!oroethane.  See  Chapter  11. 

Vinyl  chloride.  See  Chapter  13. 

1,1.1'Trichloroethane.  See  Chapter  10. 

Ethylene  dibromide.  See  Chapter  45. 

1.1- Dichloroethane.  See  Chapter  8. 

1.2- Dichloroethane.  See  Chapter  9. 

CjHjCl 

Chloroethane.  See  Chapter  7. 

QH^NjO 

N-Nitrosodimcthylamine.  See  Chapter  34. 

C,H*0: 

Ethylene  glycol.  See  Chapter  43. 
l^-Dichloropropane.  See  Chapter  12. 

C^O 

Acetone.  See  Chapter  40. 

C,H.O: 

Methyl  Cellosolve*.  See  Chapter  42. 


c^.ajO 

Bis(2-chloroethyl)ether.  See  Chapter  33. 
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C«H,0 

Methyl  ethyl  ketone.  See  Chapter  41. 

CJHQjO 

Pentachlorophenol.  See  Chapter  39. 

QHjO, 

lA4-Trichloroben2cn^.  See  Chapter  28. 

1.2- Dichlorobenzene.  See  Chapter  25. 

1.3- Dichloroben2cne.  See  Chapter  26. 

1.4- Dichlorobenzene.  See  Chapter  27. 

C*H,ajO 

2,6-Dichlorophenol.  See  Chapter  38. 

C^HjO 

Chlorobenzene.  See  Chapter  24. 

cji,ao 

o-Chlorophenol.  See  Chapter  37. 

CA 

Benzene.  See  Chapter  18. 

Lindane.  See  Chapter  47. 

C,H«0 

Phenol.  See  Chapter  36. 
2,6-DinitrotoIucne.  See  Chapter  23. 
Toluene.  See  Chapter  19. 

c^,a,o, 

2,4, 5-T.  See  Chapter  61. 

c.H*a,o, 

2,4-D.  See  Chapter  60. 

QH,, 

Ethyl  benzene.  See  Chapter  20. 
o-Xylene.  See  Chapter  21 
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m-Xylene.  See  Chapter  21. 
p-Xylene.  See  Chapter  21. 
Xylenes,  mixed.  See  Chapter  21. 
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C,HhO 

2,4-DimethylphenoL  See  Chapter  22. 

CJh^Pb 

Tetraethyl  lead.  See  Chapter  54. 

2,4,5-TP.  See  Chapter  62 

c.Aa. 

Chlordane.  See  Chapter  48.  ' 

Q.H, 

Naphthalene.  See  Chapter  32 
C,^„OJ>Sj 

Malathion.  Se^  Chapter  50. 

23,7.8-TetrachIorodibenzo-p-dioxin.  See  Chapter  63. 
CuH„Np 

N-Nitrosodiphenyiamine.  See  Chapter  35. 

CuK„0, 

Diethyl  phthalate.  See  Chapter  29. 

CuH:,Np,PS 

Diazinon®  See  Chapter  51. 

,  DDE  See  Chapter  59. 

DDT.  Sec  Chapter  57. 

Ci4Hi«Q< 

DDD.  See  Chapter  58, 

Di-n-butyl  phthalate.  Sec  Chapter  30. 


CUMin  i/TTirfi  iNDSi 

Butyl  benzyl  phthalate.  See  Chapter  46. 

Tri-o-cresyl  phosphate.  See  Chapter  49. 
CJi»0, 

Di(2-ethylhexyl)phthalate.  See  Chapter  31. 


Molecular  Formula  Unknown 

Aroclor  ®  congeners 
See  Chapter  52. 

Automotive  gasoline 
See  Chapter  65. 

Fuel  oils 
See  Chapter  66. 

Hydraulic  Quid 
See  Chapter  68. 
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JP-4 

See  Chapter  64. 

Mineral  base  crankcase  oil 
See  Chapter  69. 

Stoddard  solvent 
See  Chapter  67. 


Synthetic  crankcase  oil 
See  Chapter  70. 
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INDEX  3 

CAS  NUMBER  INDEX 


CAS  Number 


50-29-3 

57 

56-23-5 

6 

57-12-5 

56 

57-74-9 

48 

58-89-9 

47 

62-75-9 

34 

67-64-1 

40 

67-66-3 

4 

71-43-2 

18 

71-55-6 

10 

72-54-8 

58 

72-55-9 

59 

74-90-8 

56 

74-95-3 

2 

74-97-5 

44 

75-00-3 

7 

75-01-4 

13 

75-09-2 

1 

75-34-3 

8 

75-35-4 

14 

75-69-4 

5 

78-00-2 

54 

78-30-8 

49 

78-87-5 

12 

78-93-3 

41 

79-01-6 

16 

79-34-5 

11 

84-66-2 

29 

84-74-2 

30 

85-68-7 

46 

86-306 

25 

87-65-0 

38 

87-86-5 

39 

91-20-3 

32 

93-72-1 

62 

93-76-5 

61 

94-75-7 

60 

95-476 

21 

95-50-1 

25 

95-57-8 

37 

10061-4 

20 

10567-9 

22 

106-42-3 

21 

106-46-7 

27 

106-93-4 

45 

107-06-2 

9 

107-21-1 

43 

108-38-3 

21 

108-88-3 

19 

108-90-7 

24 

108-95-2 

36 

109-86-4 

42 

111-44-4 

33 

117-81-7 

31 

12062-1 

2S 

121-75-5 

50 

124-«-l 

3 

127-18-4 

17 

143-33-9 

56 

151-50-8 

56 

156-59-2 

15 

15660-5 

15 

302-01-2 

55 

33361-5 

51 

540-59-0 

15 

541-73-1 

26 

606-20-2 

23 

1330-20-7 

21 

174^16 

63 

7775-’.  1-3 

53 

800661-9 

65 

8008-206 

66 

805261-3 

67 

11096-82-5 

52 

110S769-1 

52 

12674-11-2 

52 

53/69-21-9 

52 

6'’47630-2 

66 

6847631-3 

66 

68553-006 

66 
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^^9  CAS  MiCTgd. 


Hydraulic  Quid 
JP-4 

Mineral  base  crankcase  oil 
Synthetic  crankcase  oil 


See  Chapter  68 
See  Chapter  64 
Sec  Chapter  69 
See  Chapter  70 


'Numeric  designation  assigned  by  the  American  Chemical  Society's  Chemical 
Abstracts  Service  which  uniquely  identifies  a  specific  chemical  compound. 
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INDEX  4 

NIOSH  HUMBER  INDEX 


NIQSH  Number 

See  Chapter 

AG682S000 

60 

AJ8400000 

61 

AL3130000 

40 

CY<400000 

18 

CZOl  75000 

24 

CZ4499000 

26 

CZ4500000 

25 

CZ4550000 

27 

DA0700000 

20 

DC2100000 

28 

EL6475000 

41 

FG4900000 

6 

FS9 100000 

4 

GB2955000 

53 

GS7 175000 

56 

GV4900000 

47 

HP3500000 

63 

HZ1800000 

66 

IO0525000 

34 

JJ9800000 

35 

KH7325000 

7 

KH92750a) 

45 

KJOl 73000 

8 

KJ0325000 

9 

KI070rxX)0 

58 

KI8373000 

11 

KJ2r/5000 

10 

KJ332500J 

57 

KL3773Of,0 

42 

KNOU.VjOO 

33 

KU9625000 

13 

KV936i)lXX) 

15 

KV9400000 

15 

KV9422000 

15 

KV9450000 

39 

KW2975000 

43 

KX3850000 

17 

KX43500(X) 

16 

LSRV50000 

66 

LX3 300000 

65 

MU71350OO 

55 
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Sfi6.-gi9.pigr 

MW6825000 

56 

OA5500000 

66 

PA3250000 

44 

PA6360000 

3 

PA7350000 

2 

PA8050000 

1 

PB6125000 

5 

PB9800000 

4P 

QJ0525000 

32 

SJ3325000 

36 

SK2625000 

37 

SICS7S0000 

3? 

SM3000000 

39 

TD0350000 

49 

173325000 

51 

1H9990000 

46 

TI0875000 

30 

111050000 

29 

TI1925000 

31 

TP4550000 

54 

TO1315100 

52 

TQ1356000 

52 

101360000 

52 

TQ1362000 

52 

TS8760000 

56 

TX9625000 

12 

UH.225000 

62 

VZ7525000 

56 

WJ8925000 

67 

WM8400000 

50 

XS5250000 

19 

XT1925000 

23 

YZ8061000 

14 

ZE2100000 

21 

Zt2l90000 

21 

ZE2275000 

21 

ZE2450000 

21 

ZE2625000 

21 

ZE5600000 

22 
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Hydraulic  fluid 
JP-4 

Mineral  base  crankcase  oil 
Synthetic  crankcase  oil 


See  Chapter  68 
See  Chapter  64 
Sec  Chapter  69 
See  Chapter  70 


*A  unique  nioe-poaitioo  accession  number  (two  letters  and  seven  numerals)  assigned 
alphabetically  to  each  substance  in  the  Registry  of  Toxic  EfTects  of  Chemical  Substances 
published  by  the  National  Institute  for  Occupational  Safety  and  Health  (Reference  47). 
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ACETONE . 3:40-1 

AROCLOR  1016 .  3:52-1 

AROCLOR  1242  . 3:52-1 

AROCLOR  1260  . . . ; .  3:52-1 

AROCLOR  1254  .  3:52-1 

AUTOMOTIVE  GASOLINE  . 4:65-1 

BENZENE . . . .  .  .  2:18-1 

BROMOCHLOROMETHAVE . 3:44-1 

BUTYL  BENZYL  PHTHALATE . . . 3:46-1 

DI-N-BUTYL  PHTHALATE  .  2:30-1 

CARBON  TETRACHLORIDE .  1:6-1 

CHLORDANE  . 3:48-1 

CHLOROBENZENE .  2:24-1 

CHLOROETHANE . .  1:7-1 

BIS(2-CHLOROETHYL)ETHER  . 2:33-1 

CHLOROFORM . .  .  1:4-1 

O-CHLOROPHENOL .  3:37-! 

CYANIDE  (CN)  . 4:56-1 

CYANIDE  (HCN) .  4:56-1 

CYANIDE  (KCN) . 4:56-1 

CYANIDE  (NaCN)  . 4:56-1 

2,4-D . 4:60-1 

DDD . . .  4:58-1 

DDE  . .  ..  4:59-1 

DDT  . . ; . . . .  ..  4:57-1 

DIAZINON  . 3:51-1 

DIBROMOCHLOROMETHANE  . . 1:3-1 

DIBROMOETHANE . 1:2-1 

U-DICHLOROBENZENE  . 225-1 

1.3- DICHLOROBENZENE  .  226-1 

1.4- DICHLOROBENZENE  . .  227-1 

1.1- DICHLOROETHANE  . 1:8-1 

U-DICHLOROETHANE  . . . 1:9-1 

1.1- DICHLOROCTHYLENE  . 1:14-1 

U-DICHLOROETHYLENE  (OS) . 1:15-1 

U-DiaiLOROETHYLENE  (MIXTURE) . 1:15-1 

1.2- DICHLOROETHYLENE  (TRAILS) . 1:15-1 

26-DICHLOROPHENOL . 3:38-1 

1.2- DICHLOROPROPANE  . 1:12! 

DIETHYL  PHTHALATE  . .  229-1 
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2,4-DIMErHYl-PHENOL  .  . . . .  2:22-1 

2,6-DINrrROTOLUENE  .  2:23-1 

ETHYL  BENZENE .  2:20-1 

ETHYLENE  DIBROMIDE  . 3:45-1 

ETHYLENEGLYCOL  .  3:43-1 

DI(2-ETHYLHEXYL)PHTHALATE .  2:31-1 

FUEL  OILS  1 . 4:66-1 

FUEL  OILS  4 . 4:66-1 

FUEL  OILS  2 .  4:66-1 

FUEL  OILS  6 . 4:66-1 

HYDRALT-IC  FLUID .  4:68-1 

HYDRAZINE .  4:55-1 

JP.4 . 4:64-1 

LINDANE  . 3:47-1 

MALATHION .  3:50-1 

METHYL  CELLOSOLVE  .  3:42-1 

METHYLENE  CHLORIDE . .  1:1-1 

METHYL  ETHYL  KETONE .  3:41-1 

MINERAL  BASE  CRANKCASE  OIL .  4:69-1 

NAPHTHALENE  . 2:32-1 

N-NTTROSODIMETHYLAMINE  .  234-1 

N-NTTROSODIPHENYLAMINE  .  235-1 

PENTACHLOROPHENOL  . 339-1 

PHENOL .  2:36-1 

SODIUM  CHROMATE .  3:53-1 

STODDARD  SOLVENT .  4:67-1 

SYNTHETIC  CRANKCASE  OIL  .  4:70-1 

2.43- T  . 4:61-1 

23.73-TETRACHLORODIBENZO-P-DIOXIN  .  . 4:63-1 

1,1A2-TETRACKL0R0ETHANE  . 1:11-1 

TETRACHLOROETHYLENE .  2:17-1 

TETRAETHYLLEAD  . 334-1 

TOLUENE .  2:19-1 

2.43- TP  .  4:62-1 

1A4*TRICHL0R0BENZENE  .  2:28-1 

1,1,1-TRICHL0R0ETHA>^E  .  1:10-1 

TRICHLOROETHYLENE .  1:16-1 

ITUCHLOROFLUROMETHANE  .  1:5-1 

TRI-O-CRESYL  PHOSPHATE .  3:49-1 

VINYL  CHLORIDE  . .  1:13-1 

XYLENE . .  2:21-1 


